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SECURITY CLASSIFICATION OF THIS PAGE(bw Dot. Enterod)

one-piece cast tire, the cast carcass/replaceable tread tire, and the cast
carcass/integral tread tire.

The development of the one-piece cast tire was terminated after three
design iterations (15 tires) were evaluated due to its shortened dynamic life
caused by tread groove failures (areas of high stress concentration).

The development of the two-piece cast carcass/replaceable tread tire was
terminated after two design iterations (10 tires) were evaluated primarily due
to tread derailment problems. These designs, however, represented a consider-
able improvement over the one-piece cast tire designs as the tread groove
failures (areas of high stress concentration) were eliminated by replacing
the thermoplastic material with conventional tire materials in the tire tread.

Twenty-five itegral tire design iterations (105 tires), some of which
included glass reinforcement, were tested and evaluated to the A-37 aircraft
main gear tire specifications. The testing resulted in the following
significant achievements: -.

1. Successfully completed one-hundred A-37 qualification takeoff cycles.
Each of these test cycles consisted of a simulated takeoff (excluding the taxi)
from 0 mph to a liftoff speed of 150 mph at an initial load of 6650 lbs which
decreased linearly to 0 lbs at liftoff.

2. Withstood 91% (400 psig) of the burst test pressure requirements.

3. Successfully completed 2.65 taxi miles (14,000 ft) at a rated load of
6650 lbs and a taxi speed of 30 mph.

4. Successfully completed 1500 continuous miles at a reduced load of
1500 lbs and a taxi speed of 30 mph.

Even though these results are considered significant achievements for a
cast thermoplastic, polyester, elastomer tire, they fall far short of the full
A-37 main gear tire qualification due to their inability to complete the
required taxi rolls at rated (6650 lbs) load without incurring permanent
structural damage.

The major shortcomings of the integral tire designs were the thermoplasti
elastomer material's susceptibility to material creep and flex cracking which
occurred during the taxi rolls at rated load and at high tire deflection.

The major shortcomings of the rotational cast process were the inability
to maintain a uniform wall thickness around the toroidal cross section of the
tire causing areas of high stress concentration and localized heating, pro-
moting material creep during dynamic testing, and the inability to obtain a
proper material cure from tire to tire (poor repeatability) causing material
degradation and a loss of material mechanical properties in some of the tires.

SECJRITY CLASSIFICATION OF t . A '.'*,n I)..
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FOREWORD

This report describes an in-house effort conducted by personnel of

the Mechanical Branch (FIEM), Vehicle Equipment Division (FIE), Flight

Dynamics Laboratory, Air Force Wright Aeronautical Laboratories, Wright-

Patterson Air Force Base, Ohio, under project number 2402, "Mechanical

Systems for Advanced Military Flight Vehicles," task number 240201,

"High Performance Landing Gear for Advanced Military Flight Vehicles,"

work unit number 24020118, "Tire Ground Performance Criteria." This

in-house effort was in support of Phase II and Phase III cast tire

development work of contract F33615-76-C-3062. This report covers work

performed during the period of September 1977 to September 1979, under the

direction of the author, Paul C. Ulrich (AFWAL/FIEM), project engineer.

The report was released by the author in March 1980. Previous results,

Phase I, of this contract are reported in Technical Report AFFDL-TR-77-51,

which was released in July 1977.

The author wishes to acknowledge the various suggestions received

during this program from Aivars V. Petersons of the Flight Dynamics

Laboratory and Dr. Howell K. Brewer of the Department of Transportation.

The author also acknowledges the assistance contributed by Ted Dull,

University of Cincinnati (co-op) student, R. W. Tatsch and W. Maggard of

Systems Research Laboratories.
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SECTION I

INTRODUCTION

1. BACKGROUND

Annually, replacement tires for aircraft ranks as a major logistics

cost item in maintaining landing gear systems on US Air Force aircraft

and the high rate of tire replacement represents considerable aircraft

out-of-service time.

The conventional aircraft tire is an extremely complicated structure

made from a variety of rubber, textile, and wire materials wh4ch are

processed in numerous manufacturing stages and vulcanized into a tire

shape. Variations and inconsistencies in manufacture are very

difficult to control due to the multi-component assembly and the many hand

operations required. Recently, developments in polymer chemistry offer

the possibility of casting or molding tires from high strength, high

molecular weight polymers utilizing automated systems. A comparison

of a single component polyester elastomer tire and the multi-component

conventional tire is shown in Figure 1. Several major tire companies

have cast/molded automotive tires which have passed laboratory and

service endurance tests but still require imprevements in tread wear

and traction. It is anticipated that if a cast carcass/replaceable

tread aircraft tire can be developed, the tread belt can be changed

without removing the tire/wheel/brake assembly from the aircraft, thus

reducing maintenance costs and aircraft out-of-service time. In addition,

ninety percent of the expensive conventional tire building equipment can

be eliminated and human error could be reduced through cast tire automation.

If a thermoplastic polyester material is used in the cast tire,

additional savings can be realized by recycling the material after the

tire has been removed from service, thus reducing the petroleum

requirements of conventional tire building and eliminating conventional

tire disposal problems. Therefore, with the advantages and potential cost

savings offered by cast tires, the development of cast tires for

military aircraft was pursued.

I1
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?. OBJECTIVES

a. Overall Objective

To investigate if a cast carcass tire with u't jith()ut

conventional rubber tread belt is a practical concept for military

aircraft.

b. Specific Objectives

(1) Phase I

To survey and evaluate currently available off-the-shelf

thermoset and thermoplastic materials for potential use in cast/molded

tires for military aircraft.

(2) Phase II

To develop, laboratory test, and evaluate a one-piece

cast tire and/or a cast carcass/replaceable tread tire and/or a cast

carcass/integral tread tire which can satisfactorily meet the dynamic

requirements of a high performance military aircraft tire.

(3) Phase III

To optimize a final prototype cast tire design.
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SLCTION I1

SUMMARY

This report describes work undertaken during Phases II and III of a

three Phase program initiated with Zedron Inc., to establish the potential

of cast tires for application to Air Force aircraft. Phase I of this

effort was a materials survey, the results of which are documented in

AFFDL-TR-77-51, "Development of Cast Carcass Tires for Military Aircraft."

The current program Phases 11 and III involved static, quasi-static, and

dynamic laboratory test and evaluation of thirty 7.00-8 Type III cast

tire desiqns. These designs included tire carcasses which were

rotationally cast/molded from thermoplastic polyester materials (Hytrels)

of various hardness with and without reinforcements. Three basic cast

tire designs were developed and evaluated during Phase II efforts; the

one-piece cast tire, the cast carcass/replaceable tread tire and the

cast carcass/integral tread tire.

The development of the one-piece cast tire was terminated after

three design iterations (15 tires) were evaluated due to its shortened

dynamic life caused by tread groove failures (areas of high stress

concentration).

The development of the cast carcass/replaceable tread tire was

terminated after two design iterations (10 tires) were evaluated

primarily due to tread derailment problems caused by insufficient

expansion of the carcass required to keep the tread belt on. These

designs, however, represent a considerable improvement over the one-

piece cast tire designs as the tread groove failures (areas of high

stress concentration) were eliminated by replacing the thermoplastic

material with conventional tire materials in the tire tread.

The remainder of Phase II (Design Development) and all of Phase III

(Design Optimization) involved the development, test, and evaluation of

the cast carcass/integral tread tire. The integral tread tire is a
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rotationally cast thermoplastic carcass with a conventional rubber

compound (aramid cord reinforced) tread belt. Unlike the replaceable

tread tire, the tread belt of the integral tire is fabricated, glued,

and cured in place on the cast carcass which rendered it non-replaceable.

The integral tread tire designs incorporated the same qualities or

improvements as the replaceable tread tire but it eliminated the tread

derailment problems of the replaceable tread tire.

Twenty-five integral tire design iterations (105) tires, some of

which included glass reinforcement, were tested and evaluated to the

A-37 aircraft main gear tire specifications. The testing resulted in

the following significant achievements:

-Successfully completed one-hundred A-37 qualification takeoff cycles.

Each of these test cycles consisted of a simulated takeoff (excluding

the taxi) from 0 mph to a liftoff speed of 150 mph at an initial load

of 6650 lbs which decreased linearly to 0 lbs at liftoff.

-Withstood 91' (400 psig) of the burst test pressure requirements.

-Successfully completed 2.65 taxi miles (14,000 ft) at a rated load

of 6650 lbs and a taxi speed of 30 mph.

-Successfully completed 1500 continuous miles at a reduced load of

1500 lbs and a taxi speed of 30 mph.

Even though these results are considered significant achievements for

a cast thermoplastic, polyester, elastomer tire, they fall far short of

the full A-37 main gear tire qualification due to the tire's inability

to complete the required taxi rolls at rated (6650 lbs) load without

incurring permanent structural damage.

The major shortcomings of the integral tire designs were the thermo-

plastic, elastomer material's susceptibility to material creep and flex

cracking which occurred during the taxi rolls at rated load and at high

tire deflections.

5
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The major shortcomings of the rotational cast process were the

inability to maintain a uniform wall thickness around the toroidal

cross section of the tire causing area , of hiqh stress concentration

and localized heating (promoting material creep) during dynadic testinq

and the inability to obtain a proper material cure from tire to tire

(poor repeatability) causing material degradation and a loss of material

mechanical properties in some of the tires.
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SECTION III

DESCRIPTION OF TEST TIRES

Durinq the course of this contract, three basic 7.00-8 cast tire

des in, were developed, the one-piece Last tire, the cast carciss/

re,laceable tread tire, ind the cast carcass/integral tread tire shown

in Fiqure, through 10. The conventional 7.00-8/16 PR bias tire is

shown in Fijures, 11 and 12 for comparison. The aspect ratio (section

hijht/se( tion width) of the low profile cast tire designs ranged

from .63 to 0.67. The carcasses of all the tire designs were of a

on tinuou , (los.fed toroidal construction without textile cord reinforce-

,.eoit or wire bead bundles. These tire carcasses were rotationally

i,t/moIdte d from a thermoplastic, polyester, elastonmer called "Hytrel".

F ivf, 'Hytrel" base materials 6346, 5556, 5555HS, 5526, and 4056 were

',,, uated. A suiriar of the various cast tire designs is listed in

'1,,t% 1. TIoe hardoess of the base polymer is designated in shore "D"

hardness by the first two digits of the identification number. For

exdmple, base polymer 6346 had a hardness of 63 shore "D" prior to

the addition of reinforcement fillers or plasticizers. The tread belt

adhesives, and tL, thermal cure cycles for the cast carcasses and tread

belts are listed in Table 2. The basic differences in the materials

were hardness, melt index values or high temperature properties. These

high strength, high molecular weight polymer systems consisted of a

plastic (hard phase) and an elastoiimer (soft phase). These base polymers

were also mndified by adding carbon black, plasticizers such as Benzoflex

and glass fillers such as glass flake, glass strand, and chopped glass.

The glass loading and the trand or fiber length of the glass fillers

were varied to evaluate how the reinforcement of the hard phase and the

filler dispersal in the base polymer was affected. The glass fillers

were, also treated with various sizing agents such as silane to improve

their adhesion to the polyester substrate. The carbon black was dropped

in the later designs since it was added primarily for color or

aesthetic purposes. Hence, the carcasses of the later designs appear

white instead of black.

7
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Due to the closed toroidal construction of the carcass, a rubber valve

was glued in the tire's sidewall for inflation purposes. Internal air

pressure leakage around the valve was a problem in some of the initial

designs but was corrected by using a better adhesive. In the later

designs, a second valve was added to the opposite sidewall in order to

introduce nitrogen into the tire cavity during the cure process in order

to eliminate internal oxidation and material property degradation. This

second valve introduced valve retention problems in the last designs and

actually prevented some of the last tires from being tested as the

contract was terminated before this deficiency was corrected. It is felt

that a mold rework on the second valve providing a better valve fit

would correct the problem.

Reference 1 contains a detailed analysis of the polyester material

properties with and without reinforcements, the tire carcass and tread

manufacturing process, the tread rubber formulations, a description of

the rotational cast equipment, and process and procedures.

The rotational cast/molding machine is shown in Figure 13, while a

mold spider loaded with tire molds entering the oven is shown in Figure 14.

Figure 15 shows a close-up of the one-piece cast tire mold. The replace-

able tread belts were laid up on an orbitread building machine shown

in Figure 16. A close-up of the expandable mandrel for the tread layup

is shown in Figure 17. The four ply tread belts were laid up with two

circumferential polyester belt plies +1/2', -1/2' cord angle, respectively,

one radial polyester belt ply (890) cord angle, then one circumferential

polyester belt ply +1/2' cord angle, followed by circumferential high

strength aramid reinforcement cords randomly dispersed across the tread

section.

The tread belt of the cast carcass/integral tread tire was laid up,

glued, and cured in place on the cast carcass rather than on the orbitread

unit. The tread belt was reinforced by circumferential high strength

aramid cords randomly dispersed in the upper tread area. This tire

design evolved from the two previous designs and eliminated the tread

derailment problems of the replaceable tread tire, and the groove cracking

of the one-piece cast tire.
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SECTION IV

TEST EQUIPMENT

The laboratory tire tests were conducted in the Flight Dynamics

Laboratory Landing Gear Development Facility using the flat surfaced

Tire Force Machine (TFM), the 120 inch programmable dynamometer, and

the 84 inch conventional dynamometer.

1. TIRE FORCE MACHINE (TFM)

The TFM was used for the quasi-static and some of the static mechanical

tire property measurements recorded while under aircraft wheel loads with

combined steering on a flat surface. The force measuring system consists

of six load cells (3 vertical, 2 fore-aft and 1 lateral) instrumented to

measure all six force and moment components developed by the tires. The

machine is designed to permit low speed tests at yaw angles between +90

degrees (this +90 degrees position was used for the lateral stiffness

tests) and any desired value of longitudinal slip.

A Houston Instrument Omnigraphic (X-Y plotter) recorder was used in

the load-deflection tests. A Gould Brush (8 channel strip chart) recorder

was used in the lateral force and aligning torque tests.

2. 120 INCH PROGRAMMABLE DYNAMOMETER

This dynamometer, incorporating a force measuring system similar to

the TFM, has the capability of programmable yaw, camber, radial load, wheel

velocity, wheel acceleration, and sink rate. The taxi takeoff cycles,

takeoff only cycles, taxi rolls, and cambered taxi rolls were conducted

on the 120 inch dynamometer.

3. 84 INCH CONVENTIONAL DYNAMOMETER

The 84 inch dynamometer is used for taxi takeoff cycles and high speed

brake stops controlled by an electro-mechanical servo system. Some of the

static measurements and taxi rolls were conducted on the 84 inch dynamometer.

Descriptions and capabilities of the TFM, the 120 inch, and 84 inch

dynamometers are listed in the Flight Dynamics Laboratory Landing Gear

Development Facility Brochure.
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SECTION V

TEST REQUIREMENTS AND PROCEDURES

1. STATIC TESTS

a. Dimensional and Physical Data

The cast tires were mounted on a 7.00-8 production aircraft wheel

which has a 9.624 inch flange diameter, 8.0 inch bead seat diameter, and

a 5.5 inch width between flanges. The wheel contours and dimensions are

shown in Table 3. After mounting the tires, the outside diameter (OD)

and the cross section (CS) of the tires were measured and recorded at

?'j rsi1 intervals from 0 psig to 160 psig inflation pressures to check

-tt( jrowtl' properties.

!,, jdditirn. ,one tire of each cast tire design was inflated to

,i-, n1fl'ati', tresure (125 psig) and monitored continuously for 60

n 0  f , h-( k for- raterial porosity and material permeability.

* Ihiri id I tahility Data

te ,of each cast tire design was inflated and regulated

t , ,atiW1 pre,,ure (125 psig) and the OD and CS were recorded

ior i rii Ijo, r j 6} hours to check the dimensional stability of the tires.

t, , (intant Area

The (cnrtact area prints (footprints) were obtained for each cast

tire desiri when loaded against a flat surface at rated load (6650 lbs),

6u rated load ( 399o lhs), and rated pressure (125 psig). The gross

contact area of the tire footprint was measured and is defined as the

total area of the print including the tread ribs and the spaces (tread

grooves) between the tread ribs. The net area of the print was also

measured and is the summation of the individual tread rib (dark) areas

where tread material contacts the flat surface.

d. Vertical Load Vs Deflection Data

Vertical load vs vertical deflection curves were obtained on each

tire design when loaded on a flat surface at rated inflation pressure.

In addition, vertical load vs vertical deflection loops were obtained on
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1 odd requ i red to p.raduce 100 t lit and then ob ta in in ( t r latera I Iad

deflection loops at a (efIect )n rate of 20) inches per Hi iute int iI
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f. Fore-Aft Load Vs Deflection ata

Fore-aft load vs fore-aft deflection loops were to be obtaired

on the tungsten carbide surface of the tire for(o, machine at. vertical

loads of 6300, 66510, and 7000 1' I, and at a rated inflation pressure of

125 psigj. The fore-aft load deflection tests were conducted by determininq

the fore -a ft load reoU i red to produce 100' slip and then ob ta in in g the

fore-aft load defIe( t io loops, at a deflect Ion rate of It) inches per

minute until +) of tho far--a ft, sIi , 1 (tad was achieved The satit* two

methods used to (Ia cu la te lateral s tiffness were also to he used to deter-

mine fore-aft stiffness.

(i. Burst Test Datal

(ine cat tire of each desi gn was to be intlatel at am inflation

rate of approximately 3 0 5pjs per tuirrute until the mitIlitu I: urst pressure

of 441 psi g was reached arid maintained for a ininPire' of ten .aort Os
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2. QUASI-STATIC (LOW SPEED) FLAT SURFACE TESTS

a. Lateral Force Data

Lateral force data was obtained on the dry and wet (1/2 inch

water) tungsten carbide surface of the low speed (0.17 mph) tire force

machine at vertical loads of 6300, 6650, and 7000 Ibs, at a rated

inflation pressure of 125 psig, and at slip angles of +2", +41, +6,, +8 ,

+10', and +?12

b. Aligning Torque Data

Aligning torque data was obtained on the dry and wet (1/2 inch

water) tungsten carbide surface of the low speed (0.17 mph) tire force

jachine at vertical loads of 6300, 6650, and 7000 lbs, at a rated inflation

pressure of 1?5 Isig, arid at slip angles of +2', +4'-, +60, +8', +l0c, and

3. DYNAMIC (HIGH SPEED) DYNAMOMETER TESTS

The following is taken from USAF Drawing Specification 67J1951:

a. The tire shall withstand 100 cycles of (1) and (2) and 50 cycles

of (3) without evidence of failure.

(1) Taxi Takeoff Maximum Load - The tire shall be taxied on the

flywheel for 14,000 feet at 30 mph and at a load of 6650 pounds. Stop the

flywheel, keeping the tire fully loaded. Then accelerate the flywheel

(simulating takeoff) at a rate of 10 ft/sec/sec to a speed of 150 mph.

The tire shall be unlanded after a roll distance of 2420 feet is reached.

The load of 6650 pounds shall be maintained for 5 seconds at which time

the load shall be decreased linearly with time to 0 load at approximately

22 seconds after the start of takeoff at which time the tire shall be

unlanded.

(2) Low Speed Mil-SPEC Landing - A test cycle identical to the

low speed (90 - 0 mph) oynamic test described in military specification

MIL-T-5041 calculated for a tire load of 6650 pounds shall be conducted.

(3) Combined Radial-Side Load Roll Test - The radial load shall be

6700 pounds; the side load acting inboard shall be 1500 pounds. The tire

shall be rolled 1500 feet each cycle at 20 mph. This test may be conducted

by camber or yaw conditions.

12
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SECTION VI

TEST RESULTS AND DISCUSSION

1. STATIC TESTS

a. Dimensional and Physical Data

Dimensional growth in the tire's OD and CS width due to increases

in inflation pressure for the one-piece, two-piece, and the integral cast

tire are plotted and compared to the baseline bias tire in Figures 18,

19, and 20.

Unlike the baseline bias tire, the cast tire designs exhibited a

much more linear growth in OD. The overall growth of the one-piece cast

tire in 0D over the inflation pressure range of 0 - 150 psig was less

than the baseline bias tire for two of the designs and slightly greater

for the third design. The growth in cross section width of all three

one-piece cast tire designs was roughly equivalent and the curves were

characteristically similar to the baseline bias tire.

Both the two-piece and integral cast tire designs exhibited

considerably less growth in OD and slightly greater growth in CS than

the baseline bias tire.

A summary of the various cast tire designs, carcass weights,

tread belt weights, outside diameter, and section width dimensional data

is listed in Table 1.

Since the primary objective of this effort was to investigate if

the cast tire concept is a viable concept (structurally capable) for

high performance military aircraft tires, minimal effort was expended

to optimize the total tire weight or maintain the tire's dimensional

envelope in accordance with the military specifications. Hence, many

of the designs exceeded the 24 pound maximum allowable tire weight and

the maximum OD and CS dimensions of 20.85 inches and 7.3 inches,

respectively.
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)ad (_, j lbj 1 ). Tb" l)id , . - i, Fu, prilt I ngt h rid ii dth were i'easure '

nd li s ted in Table 4. The gros and net contact areas of the footprints

are listed in Table 4 and plotted in Figures 26, 27, 28, and 29. The

40 "" Hytrel material integral cast tire designs came very close to

matchinq the gross and net contact areas of the baseline bias tires

whereas the remaining intenral cast tire designs ranged from 7 to 36

less than the baseline bias ti re. The one-piece cast ti re designs

ranged from 30 to 50 less in. gross arid net contact area while the

two-piece cast tire designs ranged from 10 to 30 less in gross and net

contact areas of the basel ine bias tire. Al I of tei contact area prints

are presented it, Appendix C.

d. Vertical (Radial) Load Vs Vertical Deflection Data

Vertical load vs vertical deflection loops were obtained up to a

radial load of 7000 lbs on a flat plate. Tire vertical spring rates and

energy loss due to hysteresis are listed in Table 5. A plot of vertical

load vs vertical deflection at 125 psij inflation pressure comparing the

relative vertical stiffness of the various cast tire designs with that of

the baseline tire i, presen ted in Figure 30. The vertical stiffness of

,lost of the cast tire designs averaged approximately 40 greater than

the baseline bias tire and ranged from 16 below to 70 above the baseline
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pres,'nted in Fi gures 31 through: 42. Vertica deflection vs vertical

load curves were also obtained at three inflation pressures (90, 125,

and 160 psig), at a rate of deflection of 20 inches per minute Up to a

load of 700o lbs on a flat surface, arid on the (curved surface) 84 inch

diameter dynaiiimeter. These plot-, are presented in Appendix D.

e. Lateral (Side) Load Vs Lateral Deflection Data

Lateral ]oad vs lateral deflection loops were obtained on the

tungisten carbide surface of tht ti re force machine. Lateral load vs

lateral deflection plots at vertical loads of 6650 lbs and 6300 lbs

are shown in Figures 43 through 51 and 52 through 60, respectively. The

tire lateral spring rates (lateral stiffness) and energy loss due to

hysteresis are listed in Table 6. The lateral stiffness of the integral

cast tire designs ranged from 15 below to 15, above the baseline bias tire

value. The lateral energy loss of the integral cast tire designs ranged

from 19 below to 22 above the baseline bias tire value. The effective

coefficient of friction obtained during the lateral load deflection

tests of the integral cast tires ranged from 3. to 18 lower than the

baseline bias tire. The test set up for the lateral load deflection

tests on the tire force machine prior to loading the tire is shown in

Figure 61. One of the one-piece cast tires (Design 3) was loaded

laterally to its structural limit and failed catastrophically (Figures 62

and 63) at a lateral load of 7000 lbs.

f. Fore-Aft Load Vs Fore-Aft Deflection Data

Fore-aft ]oad vs fore-aft deflection tests were set up on the

tire force machine. Brake torque was applied to the tire through use of

the TFM brake shown in Figure 64. The fore-aft load deflection tests

were terminated due to slip at the tire/wheel interface. As much as one

inch of circumferential slip occurred at 1000 ft-lbs of brake torque. This

slippage problem would have to be addressed in later designs prior to

d/nanic brake qualification tests.
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g. Burst Test Data

Static burst tests were to be conducted on all cast tire

designs. The results of the burst tests are tabulated in Table 7 and

plotted in Figures 65 and 66. None of the cast tire designs passed the

minimum burst test requirement at the 30 psig per minute inflation rate

even though some of the designs reached 91% of the minimum requirement.

In order to check the effect of inflation rate and material creep due

to internal inflation, a second integral cast tire of the S/N BO88HX

(Design 8) series was inflated to 465 psig in 30 seconds (high inflation

rate) and maintained at this pressure. It failed catastrophically in

approximately 56 seconds. Since this tire withstood the minimum

required burst test pressure for 10 seconds, it essentially passed the

burst test requirement. This burst test requirement, however, has

shortcomings and is inadequate for evaluating polyester elastomer tires

which are susceptible to plastic deformation and material creep. Typical

failures which occurred during the burst tests of the various designs are

shown in Figures 67 through 76. All the burst test failures showed

some evidence of material creep. The creep initiated in areas of high

stress concentration, e.g., the tread grooves of the one-piece cast

tire, or in the beads, which along with the tread grooves were usually

the thinnest wall section. There was also evidence of creep in the

shoulder areas at the edge of the tread belt and in the crown under the

tread belt at locations where the tread belt was yielding prior to belt

failure.

The brittle failures normally occurred in the harder base polymer

materials or in those designs with glass reinforcement. The brittle

failures (cracking) probably initiated at sites of material imperfections

(improper material cure) or most likely at thinned sections (material

creep of the soft phase) or at locations of shock loading (tread belt

failures).

The design with the highest burst pressure was the 5556 material,

Design 21 (Table 1) with the number 21 thermal cure cycle (Table 2). This

design had no carcass reinforcement (glass), a carcass weight of 17 pounds,

and a tread belt weight of 10 pounds. The reason glass reinforcement was
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not tried with the 5556 material was the inability of the contractor to

obtain good glass dispersion in the base polymer during earlier sample

tests.

The parameters which tended to affect the burst pressure were

the shore "D" hardness of the base polymer, the material thermal cure, the

tread belt weight and reinforcement or number of belts and aramid cords

per square inch (end count), the carcass weight (amount of polymer used or

carcass thickness), and glass reinforcement in the base polymer. The

proper balance of carcass weight (thickness), thermal cure, glass

reinforcement of the carcass, tread belt weight, and belt reinforcement

produced significant increases in burst pressure of the various designs.

The addition of the plasticizer, Benzoflex, decreased the burst pressure of

a design, while the addition of carbon black had little or no effect on

the burst pressure through reinforcement of the soft phase of the rubber/

plastic matrix of the polyester polymer. The addition of glass flake or

chopped glass strand did not significantly affect the burst strength of

the designs.

2. QUASI-STATIC (LOW SPEED) FLAT SURFACE TESTS

a. Lateral Force Data

Lateral force data was obtained on the dry and wet tungsten

carbide surface of the tire force machine at three vertical loads and at

rated inflation pressure. The test set up on the tire force machine is

shown in Figures 77 and 78. Carpet plots of lateral force vs positive

slip angle for three vertical loads are presented in Figures 79 through

97 and listed in Table 8 which compares the various cast designs with

the baseline bias tire.

During the dry surface tests, the one-piece cast tire developed

lateral forces approximately 40% greater than the baseline bias tire,

whereas the two-piece cast tire developed lateral forces up to 7% greater

than the baseline tire. The majority of the integral cast tire designs

developed lateral forces which ranged from 1% to 17% greater than the

baseline bias tire. Three of the designs tested, however, developed

less lateral force than the baseline tire.
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th roughr IleI aI Id I i st cd 1 i VIlThIe K) coiiipirirIt(! the" Var iu cas(',t ti re dles igns
with the basel ine bias ti e.

1 he reciji 1 ,s of the dry surfac e tes ts showed thd t the one-p iece

(Ii fidtwu-pl)i ce cast ti res (1Ove Ioied greater alIigqn ing torque than the b ias

t ire a t slIu angIes, l ess, than 4 , wh iIC le al the i ntegral1 cas t t ire

des i gris Jeve l opedl muctn less' a I i gr i ng torque thani the baselIi ne ti re at

all slip angjles,

Thu wei t ur t act, tests ,howed1 a degjradation in1 ai gn ing torque
to r trio base]I i nn bias V' t'e at s Ii 1) at jIgles, grea te r than 6 ' ( Fi gure 114)

Both the ri-piece arid two-piece cast tires exhibited cons iderabl e

degradatinor in a] iqiingj torque at all slip angles as shown in

Filures, 115 arid 116.

3. DYNAMMC (HIGH SPEED) UYNA1A0METER TESTS

The results of the dynamormeter tests for the various cast tire

des)igns are tabulated ini Table 10. It quickly became apparent that the

lest difficult phase (of the A-37 main gear tire dynariiiC qualification tests

was. the 2.65) mile taxi rolls prior to eachi of the 1(00 takeoff cycles

wlhic h requirmed the tire to roll long distances at rated load (6650 lbs).

Consequen t Iy, the .6t% i Ie ( 14,000 f t) taxi roll was used as a reldti ve
gJaugje of 11ien t for the va rious cast t ire des) i s . The primary modes of
fji lure during the taxi roll of the cast tire designs using the softer

arid imiore flexible ponlymier matrix was permiarnent set occurring through
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localized heating in high stress concentration areas causing material

creep and section thinning. Even though continuous contained air

temperatUILs or surface temperatures could not be obtained on the cast

tires, the results of periodic temperature measurements indicate

that the cast tires ran much cooler than the bias tire. It is estimated

that the cast tire contained air temperature never exceeded 150'F during

the taxi tests. The tire designs which used the harder polymer or the

softer polymer reinforced with glass tended to be brittle with a low

resistance to flex cracking and subsequently failed due to a combination

of fatigue cracking of the hard phase and material creep of the soft phase

of the polymer matrix. The brittle failures (cracking) probably

initiated at sites of material imperfections (improper material cure)

or most likely at thinned sections or locations of shock loading (tread

belt failure). The areas of high stress concentration were in the tread

grooves and bead areas of the tire and at the shoulders along the edge

of the tread belt.

The development of the one-piece cast tire was terminated after

three design iterations (15 tires) were evaluated due to tread groove

failures (areas of high stress concentration) as shown in Figures 117

and 118. The use of the base polymer 6346 was halted due to its poor

resistance to flex cracking.

The development of the cast carcass/replaceable tread tire was

terminated after two design iterations (10 tires) were evaluated due to

tread derailment problems as shown in Figure 119. The probable cause of

the tread derailment problems was the inability to obtain sufficient

expansion in outside diameter of the cast polyester elastomer carcass

to provide an adequate fit between the tread belt and carcass. These

designs, however, represented a considerable improvement over the

one-piece cast tire designs as the tread groove failures (areas of high

stress concentration) were eliminated. In addition to the tread

derailment problems, the two-piece replaceable tread tires failed in the

bead areas due to section thinning or material creep (shown in

Figure 120) and fatigue or flex cracking as shown in Figure 121. The

stress concentration in the bead areas in the early designs were

magnified by the sharp bead radius which existed in the 7.00-8 aircraft
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wheel and in the cast tire mold. In order to reduce the stress concentration

in the bead area without modifying the wheel, a set of aluminum bead rinqgs

with a larger bead radius was manufactured to fit the bead area of the

wheel. The tire mold was then modified to fit the aluminum bead rings.

This modification significantly reduced the stress concentration in the

bead area of the later designs but the problem was not completely

eliminated. The change in the bead radius contour can be seen by

comparing Figures 7 and 10.

Two major problems with the rotational mold process itself or the

contractors technique surfaced early in the program and hindered the

development of a successful cast tire throughout the effort. These were

the inability to maintain a uniform wall thickness around the toroidal

cross section (an exaggerated case shown in Figure 120) and the

inability to obtain a proper material cure from tire to tire (poor

repeatability).

The non-uniform wall thickness around the toroid inherently

caused areas of high stress concentration and localized heating

(promoting creep) during dynamic testing. An improper material thermal

cure (Figure 122) caused material degradation, a loss of material

mechanical properties and provided failure initiation sites.

The integral cast tire design with the best taxi performance was

series number B088J(X) (Design 10) which successfully completed one

complete taxi roll of 2.65 miles at a constant load of 6650 lbs and a

test inflation pressure of 134 psig. This design used unmodified 5556

material with no glass reinforcement, a carcass weight of 17.5 pounds,

and a tread belt weight of 7.5 pounds. The thermal cure used is listed

as number 10 in Table 2. This tire failed due to material creep in the

shoulder area at the belt edge during the second 2.65 mile taxi roll

after 0.3 additional miles.

Several other designs exceeded one mile of taxi roll before

failure occurred as indicated in Table 10. The integral tire designs

using the softer polymers failed due to section thinning or material

creep in the shoulder areas at the edge of the tread belt or in the
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bead radius area. Typical examples of these failures are shown in

Figures 123 througjh 129. The integral tire designs using the harder

polyiimers and glass reinforced polymiers failed due to fatigue (flex

cracking) of the hard phase and rkiterial creep of the soft phase in

the sidewall, shoulder, and bead dreas. lypical exairples of these

failures are shown in Figures 130 through 134.

To assess the high speed takeoff capabilities of the integrdl

tires, a tire of the B06PC(X) series (Design 6) which did riot perform

that well during the taxi roll tests (failure at ).37 miles), was SUhmb, tK:A-

to the A-37 main (gear tire takeoff profile (0 - 150 mph) with an

initial load of 6650 lbs which decreased linearly to 0 lbs at lift off.

The tire is shown in Figure 135 after successfully completing 20 takeoff

cycles. The tire successfully completed 100 takeoff cycles and sub-

sequently failed in the shoulder area (shown in Figure 136) during the

first taxi test after 0.2 roll miles.

During several design iterations, the cast tire mold in the shoulder

area was remachined to relieve the stress concentration in the cast tire

carcass at the edge of the tread belt. This rework of the tire mold was

successful in reducing the stress concentration in the shoulder area but

it did not completely eliminate failures in the shoulder area.

Tire slippage at the tire/wheel interface (bead area) was a problem

during one taxi test. Approximately 3.5 inches of circumferential slip

(shown in Figure 137) was measured after the dynamic taxi test of the

B068C(X) series tire (Design 6).

In order to check the effect of the tire load on taxi endurance life

of a cast tire, three tires of the B0881(X) series (Design 9) and two

tires of the B088J(X) series (Design 10) were tested at different loads.

The results of these tests (Table 11) show the B0881(X) series tire

tested at 1500 lbs load rolled 1500 continuous miles before failure

occurred. These results indicate the order of magnitude that load affects

the cast tire life.
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To check the effect of tire inflation pressure on taxi endurance

life, the inflation pressure was varied on three tires of two different

design series. The results of these tests (shown in Table 12)

indicate that changes in inflation pressure of this magnitude do not

affect the taxi endurance life of cast tires. In one case, both the

inflation pressure and test load were reduced considerably. The

endurance life of this tire was extended significantly but it is felt

that the load reduction was the primary reason for the extended tire life.

In an attempt to reduce material oxidation which occurred inside the

cast tires during their thermal cure cycle, nitrogen was pumped into the

tire cavity during the thermal cure cycle at 1.5 psig pressure. This

orocedure appeared to reduce the internal material oxidation hut the early

termination of the contract did not allow sufficient development jnd

evaluation time.

Earl v in the last year of the three year progrim, t h( contractor

experienced insurtiountable financial difficulties in other areas of the

Lfompany and they were forced to prematurely terminate the Air Force cast

tire contract. With the contract duration tii considerably shortened,

the probability of developinq a successful integral cast tire desiqn

for ti,,e on military aircraft was significantly reduced. Iveil ),

cons iderable achievements were accomplished even though toe feli far

short of the original expectdtions.



SLCION VII

CON CLULISION S

The res)ul t, of the Phase I I and Phase I II static, quasi -static and

Ivaii. te ,t inq of the vairimu, oit fire designs has led to the fol lowing

()?I us U one

IThe Of-the- hel f iiateri al s tested in this program with and

w it imit jla,,s re inforceiment proved to be inadequate for use as a viable

&,t tire "Tiaterial for- the A-Al liii litary aircraf t.

" l Ifi illI i-i ii , it,. ti re proved t o be the, bes't t ire desigon for

101 ck or- nort, !t'Vii' ast tire ,ucces,, as, it el iinated tne tread qroove

tiI lIreo it heit (r- ,c ,,t tire, and the tread derailient problems of

t re 11A i i I .

w- I1i _k Vr'rjI i _~i I 1 t trea d ca, t t ire has, si gor i f i cant pa yof fs

n ,i h e r at ti re mucec but riuch developme~nt in the

1> iic>I rik 'd'4" ;i ,- arri1on of t he st i tf po I Ies ter ca st ca rca ss and

ro i,! ?o fi i irI riiiI! , t !w It one

'. 111' (H ~oI f ied. uilririur( fd -I 6 'iyt rel iii te rial had the

iilT fI W)y I I, i t k- 1 , -ful I (oiip 1 etCd t hree m ilIes, (f ta i

I' rri-: taiii i-,irwdIt, flii~ ii',t rv'. re 400 pig).

ili tIIlii- i, Iirit !Ii I1I1 iiii( (O tie iodul u, (if the bot

Ii Yii )1 i j h t!~(i i i t( i' i t~u ( I ina-f- f t' e ila? r j hu t te it d to .t i -

feil Ye f, Ig ;)( )I 1 ;'Ifr t- I t ar - dtI 11 '1 idVi iL i f 1', - t drfIc( to0 tie I ri C r f

'If. rib ()e- kw,~ t W1 1, k e f ij rke (Ii it Ila re i n fo r emen t, t er0 ti j(uk

I it I f I n1. 1 ,. ridtirv10 irktil ct I I i rred in the -iif t phasei of the

a, Ti I. 0 1)r' id , c I .it, te I th na ilv O ird phoase wa,, re inl'ort .

1 i r fit, ole 'r i a rferj, fa i (Jr- , t o sof t pha I I1 hi I t'

? I e ?'I' ia 1 (11 , (, I t 'Iy ,tjf tr l the i I ,dt I dV 1a deiic I iriir Ii i 0,dfIt

Iei l l~ l'ifi I! ief fif t ') 'r(i ' POI VI r,l j . ro te'I if.rl'
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7. The control and repeatability of a uniform wall thickness around

the toroidal tire and at sharp radii proved to be very difficult with

the rotational cast/mold process. This was especially true for the

heavier wall thickness designs which were felt to be necessary for a

cast tire of adequate strength.

Ii. Material oxidation which occurs inside the tire during the

thermal cure cycle caused material degradation and must be eliminated.

The introduction of an inert gas in the tires cavity is a possible

solution but the termination of the contract did not allow sufficient

time for a complete evaluation.

9. The materials tested in this effort seemed to provide adequate,

if not superior, static dimensional stability, vertical and lateral

stiffnes, hysteresis, and frictional characteristics of specific cast

tire designs when compared to the baseline bias tire.

I(. The cast tire designs and materials were inadequate with respect

to net and (Iross contact areas (footprint), fore-aft brake loads, aligning

torque characteristics, burst test requirements and the dynamic tire

jualifi(ation test requirements.
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SECTION VIII

RECOMMENDATIONS

Since the contract was prematurely terminated before liquid

injection molding (LIM) processes and thermoset polyurethane material

tire designs could be evaluated, it is recommended that the LIM process

and polyurethane material tire designs be evaluated at some future date.

In addition, with the advantages and potential cost savings offered

by cast/molded tires, consideration should be given to the eventual

development of polymers specifically structured for high performance

military aircraft tire application without restricting the effort to

off-the-shelf materials.
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TABE z' (CONTINIULD)

UA51 TIRE Tlf IAl CURL DATA

MOLL IN, IIR! AD LiELT
UYCLL SR CARCASS TUERMAL CYULE CUP[ BELT A] [SIVE

:4.. Minutes oven tii,,e 0t t)Io f 4
1.. Min Hlughson

d Minutes oven co)ol i , - C, os oen A ?9PO.F "Chewlok" AP- 13
I Minute fine water spray w/'] . ) SIG Primer and 4(,?

'.j Minutes full water spray cureees cover coat

01 3t).D Mijn tes oven tiu , O°K L , 1.0 SI, 4,.0 !in Hugjhson
U.i Mi nutes oven Cool in, - doors open. 1., 'SI(, 2 ',' °f "Chefflock" AP-1
1.0 ,linute tine water spray, I. -) 'S IC ' w/ V PS I0 Primer and 4'?
-, . ) linutes full water spray, 1. ' 51, 1 cur' pres cover Coat

1 . TM
1 

nutes oven time ' o) , I . PSI) r .. 4o)., Min Hurnson
D.U Minutes oven tire U bUOl, no NK flow 1 ?' OF 'ChemlocO AP-i3D
u. :) Minutes oven cool i ng - doors noen, 1.5 PSIG ? w/;N :)S] Primer and 4K ?
1I ; inute fi e wdt,,r spray, 1.-) SIG l cure rOver CrO)t

--).u Minutes full water spray, 1.0) PSIG '11 pressure

.4 ./.u Minutes oven time U 'D OF , 1.5 PSIG !2 60. C Min Hugnson
I.t) Minute oven time A o 0

F, no N2 flow Ld 290OF 'Chemloc ' AP-l1,
,.5 Minutes oven cooling - doors open, 1.5 PSIG N2 w/75 PSIG Primer and 40
,. MinuLes fine water spray, 1.0 PSIG N2  cure cover coat

1 . , i nutt_,s full water spray, 1.0 PSIG N2  pressure
.,I Minute air circulation, 1.5 PSIG N2

l 4(.K Minutes oven tithe 0 5O0OF, 1.0 PSIG N2  60.0 Min Hughson
.j Minutes oven cooling - doors open, 1.5 PSIG N2 0a 290°F "Chemlock" AP-133

).0 Minutes fine water spray, 1.5 PSIG N2 w/75 PSIG Primer and 402
I . Ninutes full water spray, 1.5 PSIG N2  cure cover coat
i.0 Minute air circulation, 1.5 PSIG N? pressure

z5 44. o Minutes oven time , 5)O°F, 1.5 PSIG N2  60.0 Min Wnitta.er
4.0 Minutes oven time Ib SU°F, )o ', flow C, 290OF "Thixon" P-.-K
,).o Minutes oven cooling - doors open, 1.5 PSIG N2 w/75 PSIG Primer and 501
3.0 Minutes tine water spray, 1.5 PSIG N2  cure cover coat

15.U Minutes full water spray, 1.5 PSIG N2  pressure

1.0 Minute air circulation, 1.o PSIG N)

2b 47.o Minutes oven time ' t55F, I.n PSIG N2  60.0 Min Whittaker
1.0 Minute oven time k' 550 F, no N2 flow ( 290°F "Thixon" OS-N/2
.5j Minutes oven cooling - doors open, 1.5 PSIG N2 w/75 PSI( (two coats)
.. Minutes fine water spray, I., PSIG N2 cure

15.0 Minutes full water spray, 1.5 PSIG N2 pressure
1.0 Minute air circulation, 1.5 PSIG N2

a 41.5 Minutes oven time 0 550°F, 1.5 PSIG N2  60.0 Min Hughson
4.0 Minutes oven time @ 5bO°F, no N2 flow 0 290OF Chemlock' AP-133
0.5 Minutes oven cooling - doors open, 1.5 PSIG N2 w/17 PSIG Primer and 402
3.0 Minutes fine water spray, 1.5 PSIG N2  cure cover coat

15.0 Minutes full water spray, 1.5 PSIG N2  pressure
1.0 Minute air circulation, 1.5 PSIG N2
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TABLL 2 (CONTINULD)

CASI TIRE THERMAL CURL DATA

>I )LDINU IRLAD DELT
YCLL NR CARCASS THERMAL CYCLE C[IPE [LT ADHL[',Vi

41.5 Minutes oven time (, ubU°F, 1.5 PSIG N2  61.0 fin Whittaker
4.. Minutes oven time I 550°F, no NL flow Ie 2I'[ 'Thixon" P-"
l. Minutes oven cool i n - doors open, 1 .5 PSI ; N? w/7 FSj Primer nu' 5(1

3. ) Minutes fine water spray, 1. PSIG NI cure rover coat
L. Minutes full water sprdy, I.:) PSIG N. pressure

1.( Minute air circulation, 1. PSIG Z

j 41.,. Minutes oven time o u/uoF, I.,) I' I0 ( N )i(o Min Whittaker
4. . Minutes oven time da 57U0 F, no U2 flow o 29AOF "Thixon' P-1
u. Minutes oven cooling - doors open, 1.5 PSIG % Z wl/7 PSIG Primer and 501
u.0 Minutes fine water spray. l.j PSIG t,/ cure cover coat

Iu.u Minutes full water spray, 1.2
, PSIG N2 pressure

l.U Minute air circulation, I.- PsIG N2

3J 44.U D.inutes oven time u 56(
0
0F, 1.5 PSIG N2  00.0 Min Whittaker

o.-c Minutes oven cooling - doors open, 1.5 PSIG N2 (,1 29nOF "Thixon' P-6
3.0 Minutes fine water spray, 1.5 PSG N2 w/75 PSIG Primer and 501

15.0 Minutes full water spray, 1.5 PSIGi N2  cure cover coat
1.J Minute air circulation, ].5 PSIG NZ pressure
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APPENDIX B

FIGURES AND PHOTOGRAPHS

48



ONE-PIECE CAST TIRE CONVENTIONAL TIRE

1 COMPONENT PART 12-16 COMPONENT PARTS
1 ELASTOMER COMPOUND 8-12 RUBBER COMPOUNDS

TREAD CAP

(NR, PBD, SBR)

TREAD BASE
(Pl, SBR, PBD)

BELTS OR BREAKERS

HOMOGENEOUS (NR, SBR, PBD)
ELASTOMER PLIES

(NR, PBD, SBR)
(Ju Pont HYTREL* LINER (TUBELESS)

POLYESTER ELASTOMER) (CHLOROBUTYL)
SIDEWALL

(EPDM OR NEOPRENE)

APEX (SBR)

BEAD INSULATION
(NR)
BEAD WIRES
FLIPPERS

CHAFERS

Figure I. One-Piece Cast Tire Vs Conventional Tire-Comparison
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z

Figure 3. 7.00-8 One-Piece Cast Tire (Section)
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Fiqure 4. 7.00-8 Two-Piece Cast Tire
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Figure 10. Integral Cast Tire (Section)
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Firlure 12. Baseline Bias Tire-Section (7.00-8/16 PR)
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Fiqjure 13. Rotational Moldinq Machine
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Figure 17. Tread Belt Mandrel &Mold
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BASELINE HIAS T~IRE
o -S\N 0920

ONE PIECE CAST TIRES
,z-S\ N A077AI
o1 -S\N A0971312
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0
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Fiijure 1;1. tdt i( Growth Mea~tirements TeH (, it irve
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BASELINE BAIS TIRE
()-S\ N 0920

TWO-PIECE CAST TIRES
Z!- S\N B097A5
o S\N B028B3

S21 01

o 200

LI)

0
1901

20 40 60 80 100 120 140 160
INFLATION PRESSURE (PSIG)
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0

60
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INTEGRAL TIRES
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0 S\N 807801

2210

20 40 60 80 100- 120 140 160
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00

0

60-

20 40 60 80 100 120 140 160
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Fi'jure Mf. ',tatic Growth Measurements - Integral Tires
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BASELINE BIAS TIRE
o - S\N 0920

ONE- PIECE CAST TIRES
- ),,r: AO77AI

- S\N A097BB2
,cO-- S\N AO03
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BASELINE BIAS TIRE

0 -S\N 0920
TWO - PIECE TIRE

t- S\N 8097A3
U- S\N B028B3

20.8-

20.6

N

C 20.4

- 20.2

• - I I I I
0 20 30 40 50 60

TIME (HOURS)

85 _

801

C- 751

V)U) 70
0
C-

65

- -+ - I I I

10 20 30 40 50 60

TIME (HOURS)

Figure 22. Dimensional Stability Data @ 125 (PSIG) Inflation

Pressure - Two-Piece Tire
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BASELINE BIAS TIRE
o- S\N 0920

INTEGRAL TIRE
6 - S\N B068CI
0- S\N B078C4

z

20.8 r

2 206

204

-
0202(

- I I I '

10 20 30 40 50 60

TIME (HOURS)

8

80Q

0
o 75

0

C.)
65.

10 20 30 40 50 GO

TIME (HOURS)

Figure 23. Dimensional Stability Data @ 125 (PSIG) Inflation
Pressure - Integral Tire
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Figure H5. Dimensional Growth Tests (Two-Pliece Cast Tire)
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7000 I
665 bs F -BAS% I INE. HAS TIRE

600 / 0C - S/N 100(
00 ONE-PIFCF CAfST Tii S
/ A - S/N AOl/Al

5000- LI] - S/N A097B81

4-- S/N A028CI

399 400 TWO-PIECE CASI fHES4000 -----------

0 - S/N B028B4
< 3000- -

:_5 u INTEGRAL CAST TIRE
zL hL 0 - S/N B098K2

hi hi2000 r

0 0

1000

" I I
05 1.0 15 20 25

DEFLECTION (IN)

7000 6650 Ibs BASELINE BIAS TIRE
... .. ... .. 0 - S/N 1006

6000- INTEGRAL CAST TIRE
]- S/N B098M2

- S/N BO98N2

5000A- S/N B09803

m S/N B098P3

3990 lbs E- S/N B098Q2

4000 ----------- - S/N B098S2

0 0 S/N B098R3

J I 0 S/N B128U3
< 3000 0 - S/N B128V3

',-C)

2 0
0. LL .LAz 2000 ui InL

0 o

1000 • if)

05 0 15 2.0 2.5
DEFLECTION (IN)

Figure 30. Vertical Load Vs Deflection @ 125 PSIG
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160 psi 125 ps 9Op1
7

6

CU- /
ENERGY LOSS

-J 900 in- bs
S4

3-

2
RATE OF DEFLECTI
20 in/min

2 3 4 5 6
DEFLECTION (inches)

Figure 31. Vertical Load Vs Vertical Deflection, Integral Tire
S/N G128U3
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Inflation (psig)
90 125 160

5

CD EERGYLOSS:
-J 900 in-lbs

n
4

> 3

2
RATE OF DEFLECTIO
20 in/min

1 2 3 4 5 6

Deflection (inches)

Figure 32. Vertical Load Vs, Vertical Deflection, Integral Tire
S/N B128V3



inflation (psiq)

160 125 90

6

5 ENERGY LOSS
1100 in-ibs;

> 3

RATE OF DEPFL[CTION

2 ~20 in/min

10 20 3.0 40 50

Deflection (in.)

Fiire 33. Vertical Load Vs Vertical Ucilection, Integral Tire

S/N B08812
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PSIG inflation
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48 ENERGY LOSS
1100 ir.-Ius b 125) P'lG

40

S32 -

24 -RATE OF DEFLECTION.
20 in/min

08 16 24 32 40

Deflection (.n)

f i~luro ',4. Vertical loadi~ V,, Vrtical [)flection, lnteqra] Tire



Intfation (PSIG)

6012

6

- - FNERGY J )S?
e00 c? )

3

nN

a~J 4 3

I -o l o , i



AD-A097 6G AIR FORCE WRIGHT AERONAUTICAL LAOS WRIONT-PATTERSOM AFl ON I/
STATIC AND DYNAMIC EVALUATION OF A-37 CAST AND CAST CARCASS/INT--ETC
NOV 80 P C ULRICH

UNCLASSIFIED AFWALoTR-8O-3055

24flfIIIIIIIf If

flfll/I/I/I/I///flfl
lllllllllllllcu
EIlllllllllllhE

mhihmihhmhimhl



AFWAL-TR-80-3055

PSIG Inflation

160 125 90
7

6

ENERGY LOSS:
1400 in-lbs

5

o4

3

2 ~RATE OF DEFLECTION:
2 20 in/min

12 3 4 5 6 7 8
Vertical Deflection (in) 2 May 79

Figure 36. Vertical Load Vs Vertical Deflection, Integral Tire
S/N B098M2
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INFLATION (psg)

7 90 125 16

6

-j

0

-. ENERGY LOSS
41400 in-lbs

I.-

RATE OF DEFLECTMO
20 in/min

2

I

2 3 4 5 6 7

DEFLECTON (in)

Figure 37. Vertical Load Vs Vertical Deflection, Integral Tire
S/N B098N3
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PSIG inflation

160 125 90

7

6

-5

o - ENERGY LOSS:
o 1400 in-lbs

-4

3

RATE OF DEFLECTIO
20 in/min

2

12 3 4 5 6

Deflection (in) 2 May 79

Figure 38. Vertical Load Vs Vertical Deflection, Integral Tire
S/N B09802
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Inflation (psig)

90 125 160

6

ENERGY LOSS-
(I 1400 in-lbs-,,

4

3 -

RATE OF DEFLECTION:
20 in/mrin

2

2 3 4 5 6 7 8

Deflection (in.) 15 May 79

Figure 39. Vertical Load Vs Vertical Deflection, Integral Tire

S/N B098P3
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Inflation (psig)

90 125 160
7

6

5

ENERGY LOSS:
1400 in-lbs

V 4
0
-j

> 3

RATE OF DEFLECTION:

2 20 in/min

12 3 4 5 6 7
Deflection (inches) 30 Aug. 79

Figure 40. Vertical Load Vs Vertical Deflection, Integral Tire
S/N B098R3
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inflation Pressure (psig)

90 125 160
7

6

5

SENERGY LOSS:
1400 in-lbs

-~4

3

RATE OF DEFLECTION-.
2 20 in/min

1 2 3 4 5 6 7

Deflection (in.) 15 May 1979

Figure 41. Vertical Load Vs Vertical Deflection, Integral Tire

S/N B098S2
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PSIG Inflation

90 125 160

- ENFUGY LOS'
1501) 

,f)-lbs

3 -

RATE OF DEFLECTION:
20 n/mm

2 -

2 3 4 5 6 7

Deflection (in) 2 May 79

Figure 42. Vertical Load Vs Vertical Deflection, Integral Tire
S/N B088K2
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3

MAXIMUM LATERAL g
LOAD SHOWN IS -

80% OF SLIP LOAD

-2 -1 2
DEFLECTION (in.)

VERTICAL LOAD: 6650 Ibs
INFLATION PRESSURE: 125 PSIG
RATE OF DEFLECTION: 20 in/nin

-2 ENERGY LOSS: 2500 in-lbs

Figure 43. Lateral Load Vs Lateral Deflection, Integral Tire
S/N B098S2
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3200

2400

-J

MAXIMUM LATERAL
LOAD SHOWN IS 1600
80% OF SLIP LOAD

a

800

I I / /Izi

-3.2 -2.4 -1.6 -8 8 1.6 2.4 3.2

Deflection (in.)

VERTICAL LOAD: 6650 lbs

-1600 - INFLATION PRESSURE: 125 PSIG

RATE OF DEFLECTION: 20 in/mir
ENERGY LOSS: 2600 in-lbs

-2400

-3200 -
2 May 79

Figure 44. Lateral Load Vs Lateral Deflection, Integral Tire
S/N B08812
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3200

cni 2400

MAXIMUM LATERAL
LOAD SHOWN IS0
800/ OF SLIP LOAD 1600

800

800

- 1600 -VERTICAL LOAD: 6650 lbs
INFLATION PRESSURE: 125 PSIG
RATE OF DEFLECTION: 20 in/min
ENERGY LOSS: 2700 in-lbs

3200

2 May 79

Figure 45. Lateral Load Vs Lateral Deflection, Integral Tire
S/N B098L2
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4000

3000
m-J

MAXIMUM LATERAL -

LOAD SHOWN IS 0
80/o OF SLIP LOAD - 2000

iO

-3 -2 2 3

Deflection (in)

2000 VERTICAL LOAD 6650 lbs
INFLATION PRESSURE. 125 PSIG
RATE OF DEFLECTION. 20 m/min
ENERGY LOSS. 2900 in-lbs

-3000

-4000 -

2 May 79

Figure 46. Lateral Load Vs Lateral Deflection, Integral Tire
S/N B09802
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3 0

2f0

MAXIMUM LATERAL

LOAD SHOWN IS
800/. OF SLIP LOAD

VERTICAL L-OAD 6650 ib5
INFLATION PRESSURE. 125 PSIG
RATE OF DEH. ECTION 20 in/min
ENERGY LOSS 2900 in Is \

Fiquire 47. Lateral Load Vs Lateral Deflection, Integral Tire
S/N B128LJ3
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4

--3
ch~

-J -

MAXIMUM LATERAL x
LOAD SHOWN IS v

80% OF SLIP LOAD 0 2

-3 -2 -t 2 3

I Deflection (in.)
-31

-2 VERTICAL LOAD: 6650 lbs
INFLATION PRESSURE: 125 PSIG
RATE OF DEFLECTIONI 20 in/mi
ENERGY LOSS: 3100 in-lbs

-3

-4

2 May 79

Figure 48. Lateral Load Vs Lateral Deflection, Baseline Bias
Tire S/N 1006
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-3
-..

2
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LOAD SHOWN IS E0% n-
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I-

-3 -2 - I 2 3

DEFLECTION (in)

VERTICAL LOAD; 6650 lbs
INFLATION PRESSURE. 125 PSIG
RATE OF DEFLECTION: 20 in/min

-2 ENERGY LOSS. 3400 in-lbs

--3

Figure 49. Lateral Load Vs Lateral Deflection, Integral Tire
S/N B098M2

97



AFWAL-TR-80-3055
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DEFLECTION (in)

VERTICAL LOAD: 6650 lbs
INFLATION PRESSURE: I PSIG
RATE OF DEFLECTION: 20 in/ rin

-2 ENERGY LOSS: 3500 in-lbs

3

Figure 50. Lateral Load Vs Lateral Deflection, Integral Tire
S/N B098N3
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3

2J

MAXIMUM LATERAL 2
LOAD SHOWN IS
80% OF SLIP LOAD <1

DEFLECTION (in)

VERTICAL LOAD: 6650 lbs
INFLATION PRESSUREt 125 PSIG
RATE OF DEFLECTION 20 in/min

-2 ENERGY LOSS 3800 on-lbs

Figure 51. Lateral Load Vs Lateral Deflection, Integral Tire
S/N B088K2



AFWAL-TR-8O-3055

3
._J

S 2

MAXMV'VUM LATERAL
LOAD SHOWN IS

80916 OF SLIP LOAD

-2 I2

DEFLECTION (in)

VERTICAL LOAD 6300 Ibs
IIFLATION PRESSURE 125 PSIG
RATE OF DEFLECTION: 20 in/mm

-2 ENERGY LOSS 2100 rn-lbs

-3
I

Figure 52. Lateral Load Vs Lateral Deflection, Integral Tire
S/N B098S2
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-J

MAXMJM LATERAL
LOAD SHOWN IS
80% OF SLIP LOAD j

1600

Deflecion (in)

-800

VERTICAL LOAD: 6300 lbs
-1600 INFLATION PRESSURE 125 PSIG

RATE OF DEFLECTION 20 in/rn
ENERGY LOSS 2200 n-lbs

-2400

Fi(qure 53. Lateral Load Vs lateral Deflection, Integral Tire
S/N B08812
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MAXIMUM LATERAL
LOAD SHOWN IS c
80/. OF SLIP LOAID 6

Deflection (in)

1800--

-16000 VERTICAL LOAD! 6300 tE
I!NFLATION PRESSURE. 125 PSIG
RATE OF DEFLECTiON. 20 in/min
ENERGY LOSS: 2500 in-lbs

-2400--

-3 200 -

Fiqure 54. Lateral Load V, Ldteral Deflection, Inteqral Tire
S/N B098L2
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a:,
:~ 3000 -

MAXIMUM LATERAL

LOAD SHOWN IS U
80 OF SLIP LOAn

-3 -2 -3

Deflection (in

VERTICAL LOAD, 6300 lbs
INFLATION PRESSURE 125 PSG
RATE OF DEFLECTION20 in/min

-200f ENERGY LOSS! 2800 in-lbs

-3000

Figure 55. Lateral Load Vs Lateral Deflection, Inteqpal Tire
S/N B09802
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m
.J

3.0

2.0

MAXIMUM LATERAL
LOAD SHONN IS
80% OF SLIP LOAD

10

-3 -,2 - 1 
1 2 3

- I 
"  Deflection (inches)

VERTICAL LOAD: 6300 lbs
INFLATION PRESSURE: 125 PSIG
RATE OF DEFLECTION: 2Oin/ma_ -2.0
ENERGY LOSS 2800 in-lbs

1-3 0

Figure 56. Lateral Load Vs Lateral Deflection, Integral Tire
S/N B128U3
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4

MAXIMUM LATERAL 3
LOAD SHOWN IS
80% OF SLIP LOAD

-J

-3 -2 -2 3

-J

Deflection (in)

VERTICAL LOAD: 63 lbs
INFLATION PRESSURE* 125 PSIG
RATE OF DEFLECTION:20 in/min

-2 ENERGY LOSS: 3000 in-lbs

-4_

Figure 57. Lateral Load Vs Lateral Deflection, Baseline Bias

Tire S/N 1006
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3

2

MAXIMUM LATERAL
LOAD SHOWN IS
80% OF SLIP LOAD

- -2 -2 3

Deflection (in.)

VERTICAL LOAD: 6300 lbs
INFLATION PRESSURE: 125 PSIG
RATE OF DEFLECTION: 20 in/min

-2 / ENERGY LOSS: 3300 in-lbs

Figure 58. Lateral Load Vs Lateral Deflection, Integral Tire
S/N B098M2
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3

-J

MAXIMUM LATERAL 0

LOAD SHOWN IS

80% OF SLIP LOAD

0

-3 -2 -2 3

Deflection (in)

VERTICAL LOAD: 6300 lbs
INFLATION PRESSURE: 125 PSIG
RATE OF DEFLECTION: 20 in/min

-2 ENERGY LOSS: 3300 in-lbs

-3 -

Figure 59. Lateral Load Vs Lateral Deflection, Integral Tire
S/N B098N3
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._J

MAXIMUM LATERAL 2 2
LOAD SHOWN IS 0

80% OF SLIP LOAD

I~_ I

-3 -2 -II2 3
~Deflection (in.)

VERTICAL LOAD: 6300 lbs
INFLATION PRESSURE- 125 PSIG
RATE OF DEFLECTION: 20 in/min
ENERGY LOSS: 3800 in-lbs

-2

-3 -

Figure 60. Lateral Load Vs Lateral Deflection, Integral Tire
S/N B088K2
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p-30 (PSIG/MIN)

500./
_ / Minimum Burst Pressure 441 (PSiG)

400.,
/x ONE-PIECE CAST TIRE

/ 0 -S/N A077A2
LUS~~ 30- S/N A077A3
a_- S/N A097BE84
z 6 S/N A028C5

o- 200-
< TWO-PIECE CAST TIRE

U- S/N B097A2
Z0- L S/N B02885

5 P0 I 25

TIME (MIN)

30 (PSIG/MIN)

500 /
/Minimum Burst Pressure 441 (PSIG)

~400 /
/r INTEGRAL CAST TIRE

D
I OS/N B068C3

w 300. o S/N B078C5
a- - S/N B088H5

z 2 - S/N B088H4
20 - S/N BOBBIS

U. - S/N B088K5
too- / - S/N B088K5

0- S/N B098M5
&- S/N B098N5

5 10 15 20 25

TIME (MIN)

Figure 65. Burst Test Data
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- 30 (PSIG/MIN)
/

500- /500 / Minimum Burst Pressure 441 (PSIG)

CD& /-

a400 /
0 / INTEGRAL CAST TIREcr

/ 0 - S/N B09805
/ 0 - S/N B098P5,,, 300-

x 3 - S/N 8098Q5
a-A - S/N B098R5

o 200 / -S/N B98R2
1L - S/N BO98S5
1 i - S/N B098T5

loo- - S/N Bt28U2

- S/N B128V2

- I I I I
5 10 15 20 25

TIME (MIN)

--- 30 (PSIG/MIN)
/

/

500 /
/ Minimum Burst Pressure 441 (PSIG)

40/

400 / INTEGRAL CAST TIRE

D 0 S/N B029W2

S300 r 0-S/N B029X2

/ <- S/N B029Y2
a. A - S/N 8029Z2
z
0 200- S/N B029AA2

20 t- S/N 8029BB2
J nh- S/N 8029CC2

z 00 0 - S/N B029DD2

5 10 15 20 25

TIME (MIN)

Figure 66. Burst Test Data
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Figure 67. Burst Test One-Piece Cast Tire (S/N~ A077A3)
Brittle Failure-Crown & Sidewall 0 ?60) PIIAG
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Figure 68. Burst Test One-Piece Cast Tire (S/N A097BB4)
Material Creep Failure-Tread Grooves @ 350 PSIG
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Fiqure 69. Burst Test One-Pieu2 CdSt l ire (S/N AO)( )1C!

Brittle Failure- Sidewall 0. ;70 PSIG
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F jrjrp 72* Burst Test Intpora I Cast Tire (S/N B068C3)
Md ter ia I C reep Failure-C rown ~Bolit [H1ie P ; 65 PS I
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Figure 73. Burst Test Integral Cast Tire (S/N B088H4)
Material Creep Failure-Bead (8 465 PSIG

121



I i kure 7~ Curst Test Inteqiral Cast Tire (S/N 608815)

Material Creep Failure-Sidewall 0 295 PSIG



I iuro 71,, Lur,,t Test Inteqral Cast T ire (S/N B08I8J5)
M1dtrial Creep Failure-Belt. Fdje nl 345 PSIG
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Figure 76. Burst Test Integral Cast Tire (S/N BO98L5)
Brittle Failure-Sidewall P 325 PSIG
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F i ru re 77. L ateraj Force anrd Al1 innq Torque Test -. t [Up,
Tire Force Machine
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Figure 78. Lateral force and Al ioniny forque Test-Set Up,
Tire Force Machine 0 6 ')1 ip Anqt Ie

1 ?0



a
z

CO U) I

C, k
U) if)

'II Z<

a z i5

Is)

C)C) 0

(sl 00 I81V-1U



AV WAL - TR-8,- 315 b

< < < uj
000 U- a:

LU-i- -J D

jZ( -i Zzz- to Zf
0 < <J 0-LL

cr 7 M008 L

0 C)j 0
g0 U) 0 L

(f n 0 0L) L) ?(9
a: 0 (Df2LJC L

11 F- 0 L

0 ::- a-

I L >- fl- (

00 040..

I -C)

0 0

00

o \o

00

00 0
N _J



w
U-

U< UXw(

ZZZ i

U_ W zz~

0U - 0Wz )U J-

cr 000 C-) P
LJI (!) 0( zT G

OLJ r- DmiL Ll
O<] c>o

CD >- f, L

I CL

0 '

L

z -W

cI I

0 0

o 0c I

00

129



U4J

000 '-i -j -j 5 U

wJ -J -j 
w cr N<<W

cc p I 22aIJO~ ~ ~ ~ CI r( c L C

oz F- OD0 0 L

~~~C I- - < Z j-

wz~L U)< C ) )L

x L) uj HCD < z -

'I CO
F- (rC

00 "0

)

0

W 0~cr

0 00
0 0
11 0

(sqlI 300 I8i-

30)



90 0I 1 cr

Lj J < .i -

L cr(\ LL X

(DF-O 00 0 t-0C
UJ) 

0 U) ZZo wz J63A
LD < U(

Lzo < (/ I

:j : F )w<
ui (D OWr)W 4

ii

0'

0<

Zw

< _r

-U)-

N 0

(sqj) ]DH(W lvH AIV



U)

o L i)

LLI c a
a: cr(J aa: L Z

0 zzzo0
U) LLJ

U) ) 000 Loz -j
LaJ I-- QD L=

L'I

r I

Z cc

RW 0
(Sq 4 a: 300 0 x31



w
U-

-J. LAJ

w W cr d <
F- OD 09000

fL m z z-

0- :e~ -1

L-A~~ 00-0D ~r

< 0co L)

cr0-

0 L N- I 0 -

C)2

0

0

0w 0

w&

0 0 o0

133



-'I.

15

(' j
z 0''

0

C I'



u ~

Qi ia cr LIJw

I, 0 uj
'IW Z c

119 Li

0I z~ a. In
LL D 1 1 o

41>

Y cI

0

0 0
C 0 0 0

-~ --



AFIA[ P - Ro -3w

w 0 w

I w
LL

CC) C)N -_
ZU~ ~ ~ < < -IJ~

') 0V 
U )

P- W ' I-( I rL

w I -11 ) LN

w to

GO IX

t 'w

0~ 00

(sqU) W~Q

z 31



wL
C)

00 0 LD V)

-~~ -0 uL
cr C cr H

LLJ j O Cr.O I L 4U)u
U) 0 - ) 0000

<0 U4 0 z w -

zi ( Z M: <U L-

I H 00 
Ii 2 ji

IL < I a
IU I

L) V) ,j

U, C-'

- :: a- -

U)-U

0 8 -\*
N'Z0

1 A 7



LU

c)

LA

D L

in z- <L ) U

mzT u LL -J

L) z~ LL Z

LLJ CoW)
L~C) LU

ZC) C)

LL)

cr
(D

00-

0 Q

00

(C) I~

LUl 0O I8 i -



Id
C)

00 (9

-J- -j < U

F-~i Erc-,z

fz02 00 0 z

Fnz (-) Ao (9
Zr or C n

(1) 0 O (0 I

0d (-oc

~c

N

w o

< cI

o 0-

00

CC\L



A I .AL-2

w

onl w
000 - (ID

w 0 w
wL cr << c

Lr~~ ~ ~ 0- ) 7 -a
F-cr0 L W~ Z

(, T 000 t -0
(o zzzW

0 < 2 wFn w

IU I

I Li-
z~~~~~ < n00

j~~ (rIoo-
W I Df)Wa
(f w t-I ( I- < rc

I u
II I- L

cC-

-\0 o

I IL

I 0

I I I
I jOT

0) \

ODo~

ZW

< c'J

0 0 0
0 0

8 0 0

(sql) 3083 o V3i-

140)



AF~c <.A -1A F '

0000
0 9 0 V V

_j~ 000

F- ' zz zrxc LJn

U) 00 (nC, i
zJj w WFDLj F
5 0 < X 0-

H0 -. uWJz z --
LLJ , -J -,u i.
Z V) < U) 00 0< z i -

M LL) o LL

l~ LL <Iw 0 (-

I I j-

X 0 0-
I~ 0

0~ 01

0 I

zw
fl-D

008 0
(sql) 3080- _ -3.V-



re)
CD 000

<0 0

ZiP < m 00 0
WI cr) ou)

00J C)

* r 'c

4

0

Zi W 

<cr

0.0 0

(N

00 0 0

0 00 0InN



ul Q-IJ 7

c1 2i -J
-~ C. z F uj

(9

0>

C- b
(C-)j 3'8 3 0I8 i



000L j
c- 

5

W Lj 444i-iF

cr7- 0 rrU L

< LL 000 wLI0

zozz
LAJ cr W Z z '

! 000 u ED -)jJ

LLJ~ ~~ (r w D Q~j

F a-

II 0

I,

oi

w

Z~ w it
4 0c-

a. (D--
'00

0 0 0

144



444 0 <

(r 000 :5 LL
<Z L/)/ D

Z) Cr LL
0 0

u ~LL LJ
LLI 00DW z L

0 Lr)0 m -j J
< ~~~ 0Z(Hr4w

OIL w('0 C L-,-Lo

< COIL
(10 u K

U Z F-'3 a

Ir '1J i

D -c

o Ij

< -r

0 0,

0 0 0 o0 0 0 0



I tr 3 . LUj

L D1

LU

J6 LU )
I~C- 0 ~

L~ nl
zI cr U- <L

C) Q-C

/~ NJ H L -.

-j cci

oL <

0 kC)

LU,

0 0 0
0 0 0

I cit



< Lu J
0r cl

;7 O 00 0 LL 0i
0 -JJ z L A

Lii 0 60 F L 0.:% ir co -J .

ZZZ~ LL w

__ _ w

x CA 2 0

0(9 0

ml 0 ~ LiJrnw

Z NJ

V) q

I0

000
N'

(sq-ii 3n~oiONIEW N

147-



-J -Jl~U

LU <4 <

LLL

<1) r- o

0U 0 wr
LUJ

4, ~- j L~U
(D

k.J.

IAJ 4

00
C) (DN

0~

An gi9NN)I



LM-

~~V',

L/))

4

LLI

CL(D

otLU

0 C)
0 oN,

L A, r) 4) i )NI~il I



Lmjj

X 0
Ll 2

Ld4

<

0

0 00
0O 0 0

(sl I ) rCHo NIN 11



LLaL

1 cr <.'
< ~j uJ
C)- -- L C -J

Z - Z
'-; zl M L<

l-

I0 0

0 0

j) / W H~ II l 1



CL C

<i <

CC a LJ Ji

LL

C-Z C) >

)
(_ -I .' )O,

1r, a1 CK37 ( J

I N,

I tI

Wf
II\

(D

s)1 -I 1 If NrA IN' l lI



~~,I.

Q)

uJ

t, L L

LA
(ZILL p-

2L L

< L IJ (

z C LL

p.a <
1.! >-1

C~CO

i

I 
(-D

I~ 0 ~
Iq 00 IN9 -IV



LuJ

Li.

0<'~ c,

-4~472

~c

ui~ ui

(m-j)-naoLDID7



En U)

Qt uJ

0 U

QC/) 
0 

LU
0 Dr '.K rba:

'I~ r'-X(LjU

2 L)§ m L

-- F

LLJZ jz k

C; -, d,,m-
71 ) w 00 (0 >

OLC)(- 0 .c
U) ui(_) ) L0U, a:(0

~LjJ
cr~

UC

o 0 00o 0 0
C1_

(sql -i-A) 3 c)8o.L9NI 011



LL - Z <

w 'I

0

IIn

CL 0

(3rll L -) -4110Ht L NINE W1V



C,)

V0) " L j)-" jL

ca

rnZr

1LJ, I ,

ksq -i no o qrN 1l1



-]<

diZ

co vL

m J uiu

~,2 ~ -- C)
Ir I 0004

0u7) a-r -Z

070

(0
W

0 0 0 0

0 0 0 0



UU

L ri~-

I

I, C j
3no~ji ONI~tJJ



*C -

rn~ci

cc (c)

ic4

(sq j j) joL 9/N9 J4



cr1

1It

u,~ 2
'-1

*' nCD 1'

C T

U.1~.

IT

C)

/)



U J C

0

< 000 -j -j

:Lfl z

(U)

LAJJ

II



QC ,)~
(IC4

~c tJu -J-j
'Col tw -j -j t

~u)Z 33

C) 00 Ujt-2
to qa

0 0

ONIN91-.



LLJ

U U)

000 :D
i - U)

LLJ00 "1 -j j i LH 0

mO Ol c LU w

to cr= 000 Z L Q_- ~
LLwDJ ZZ z T )L

0 C) C) 0 LL) U L

cr (D WU 1 (

F- 0

H O-

00.

(D

QD

0

(sqlIA) 3n080O1 9NINDF1V



i 7 1. /fl I~ x TI 1~ V
Mo t ri I Kr ( (Ul



All

f r0



II K ( 'N ,(V~7[' }
it ~



Figure ]?U. jyriiri Jax L %t ire (')/N C8S
Mtr ia I 1rfq I jlre-Lcad iSddi IS \rea

I)



(I 1r Dynami Taxi Tec t Two-Piece Cast Tire (S/N BOM2B1)
Vbfx Crack Fi I re-Read Radius Area

169



AFWAL -TR-80-3055

Figure 122. Two-Piece Cast Tire Section, Improper Material Thermal
Cure
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Figure 123. Dynamic Taxi Test Integral Cast Tire (S/N B06RC5)
Material Creep Failure-Shoulder (a Belt Edge
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Fiqurel Dynamic T~ixi Test Interjral las Tire (S/N [30U211)
MaterialI (.reup Fa ilIure-Bead Radi ts, Area
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Figure 132. Dynamic Taxi Test Integral Cast Tire (S/N B098S1)
Brittle Failure-Shoulder & Sidewall (Glass
Reinforced Tire)
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Figure 133. Dynamic Taxi Test Integral Cast Tire (S/N B128U1)
Brittle Failure-Shoulder & Belt Edge
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14.

A

Fiqure 134. Dynamic Taxi Test Integral Cast Tire (S/N B029Y])
Brittle Failure-Sidewall & Bead Radius Area
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Figure 135. Dynamic Take Off Test Integral Cast Tire
(S/N B068C4) Successfully Completed 20 (0-150 MPH)
Take Offs
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Figure 136. Dynamic Take Off Test Integral Cast Tire
(S/N B068C4) Successfully Completed 100 (0-150 MPH)
Take Offs.Failed During First Taxi Test-Creep Failure
@ Belt Edge
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Figure 137. Dynamic Taxi Test Integral Cast Tire (S/N BO6BC5)
Tire to Wheel Slippage (3.5 Inches)
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APPENOIX c

TIRE CONTACT PRINTS (FOOTPRINTS)
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TIST TI D R [I Til: T *'-EI! 70-/6NE .oya

.... USLO ... PL ILUAJ BY ..... ........ ...

0. NO . .. . . . . . . . CO O . . . ELPL ..... I LDIL ..
SKID DL1,[ IN. MAX. FOOTPRI Ni LGTH . IN.
RATLD INFLATION .. ........ PSI MAX. FOOTPRINT WRiIIf. .. .... II N.

SRATED LOAD ....... LBS. NET CONTACT AREA S j/4~S. IN.
.;-;.4.1. DEFLECTION GROSS CONTACT AREA .49."8 SQ. IN.
OPERATOR................... DATE 3/6/78 SERIAL NR-.?2 ..............

Figure C-i. Tire Contact Prints (Footprints)
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TEST TIRE FOOTPRINT: TIRE SI7E.............E goodye
NEW....USED.......... RETREAD BY ... L ..... ........... q r

S. 0. NO. 7?............. CODE NO. . ; ... FLPL ..4.. ILWHL ..
SKID DEPTH ...... IN. MAX. FOOTPRINT LGTH. .. IN.
RATED INFLATION *.I~...... PSI MAX. FOOTPRINT WOTH. *.,1Z ... IN.
60 % RATED LOAD ..... LBS. NET CONTACT AREA ..9,5 SO). IN.

2.4DEFLECTION GROSS CONTACT AREA .3~.~ SQ. IN.
OPERATOR................... DATE 3/6/78 SERIAL NR. 0920 ....

Figure C-2. Tire Contact Prints (Footprints)
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TEST TIRE FOOTPRINT: TIRE SIZE.......7.00-8 .......... MFR Zedron
NEW ..X... USED.......... RETREAD BY ***A............................

S. 0 NO.....77-21
S0.N.............. CODE NO.....1....... FLPL A.~.. FLWHL ..

SKID DEPTH................IN. MAX. FOOTPRINT LGTH. *.1. IN.
RATED INFLATION . 15....PSI MAX. FOOTPRINT WDTH. .2 .INi.
*100 % RATED LOAD.. W90..LBS. NET CONTACT AREA ... 2.SQ. IN.
i6..8Q . DEFLECTION GROSS CONTACT AREA SQ. IN.
OPERATOR .................. DATE 3//8 StR'A N.............

Figure C-3. Tire Contact Prints (Footprints)
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AFWAL-TR-80-3055

HEi TIRE 1 0OIPRINT: TIRE SI L ................ MFR 7e.d.r.on...
N L, . .. . USED ......... RETREAD BY ...... ./ . .........................
S. 0 NO ........ 77-21 ..... CODE NO . FLPL . FLW-JHL .....
SKiD DEPTH ................ . I N. MAX. FOOTPRINT LGI . .. 62 IN.
RATED IrFLAIION .... . '5 ........ PSI MAX. FOOTPRINT WDTH . . IN.

f!). % RATED LOAD ...... .. L BS. NET CONTArT AREA ... 4.5 SO. IN.
J8.. DEFLELTION GRO" CO i ACT AREA ..(,..3 S ' uN
OPERATOR .................. DATE [/1/78 SERIAL NR. .077........

Figure C-4. Tire Contact Prints (Footprints)
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AFWAL-TR-80-3055

TEST TIRE FOOTPRINT: TIRE SIZE ... .............. MFR gFPF..
NEW .. ... USED ......... RETREAD BY .. .N /A .........................
S. 0. NO . .. 77?l......... CODE NO. ..LL ....... FLPL ..X,. FLWHL .....
SKID DEPTH ................... IN. MAX. FOOTPRINT LGTH. 6.' ..... IN.
PeTEDoNFLATION .. 3 ......... PSI MAX. FOOTPRINT WDTH.. .'Q... IN.

RD .LBS. NET CONTACT AREA ..17.4.. SQ. IN.

DEFLECTION GROSS CONTACT AREA 2.3:... SQ. IN.
OPERATOR .................. DATE 2.24/78 SERIAL NR. ..Q9 .........

/

\ /

Figure C-6. Tire Contact Prints (Footprints)
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AFWAL - TR-,t)- 3055

TEST TIRE FOOTPRINT: TIRE SIZL ... 7,!.°-. ............... MFR Z.dro .
N [ W .. X;.. USED ......... RETREAD BY . ................ .... .........
S 0. NO . .. ._ I ........... CODE NO . ..... A ... FLPL .. ... FLWHL .....

SKID DEPTH .................... IN. MAX. FOOTPRINT LGTH. ..8: .). IN.
RATED INFLATION .... ..5 ........ PSI MAX. FOOTPRINT WDTH. ...p:7... IN.
.!99 % RATED LOAD .. 0 ........ LBS. NET CONTACT AREA . SO. IN.
.. 7 DEFLECTION 5ROSS CONTACT AREA .Th7?S. IN.
OPERATOR .................. DATE 2/28/78 SERIAL NR . ...... 2.... ......

///

Figure C-7. Tire Contact Prints (Footprints)
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I 0i T u(F , H I t~' TIRE SILL . 7.OO-8 .......... . fFR Zedron

,SLIJ ......... RLTRLAID kY . ... N/A ... . ........
.v . . .7cU1........COL ..... ... FLPL .. . L%.. FL ....

I i ,I . .................... I N. MAX. FOOTPRINr LGIH . ......... IN.
izPILL) 2'A) .............. PSI MAX. FOOTPRINT WDTH 4.36 IN.
,. KT[D LOA[) .YO ........ LS. NET CONTACT AREA .. .. SQ. IN.

D i ILI 1N GROSS CONTACT AREA .21... 9.1 SQ. It.
L AK.................... DATE 2/28/78 SERIAL NR.. . ........

/\
I\

/ \
\

\ /

/

Figure C-8. Tire Contact Prints (Footprints)
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A IW\L -" 1 -, R -  " :

i I lUOI R I : I IRL Slt .?: ).-................ F - .
:,, . US L) ......... RFIN ) l;Y N 1 ....... ..... . . ..............

S. O. :ij . ...... 7.7-.2.1 ....... COOL O . .. 3 ........ iLPL X... I-W!;L .....
SI i) i) f i ......... .......... IN. MAX. FOOTPRINT LGIH. .2.V.u . . I N.
RPATE INFLATION .... 1.5 ......... fSI MAX. FOOTPRINT WOTH... f49 . . I N.

P KT: 1 LAD ...... 1 Lf'.0.. NFIT CONTACT AREA . h.85. SO. IN.
...... DDlLCTION GROSS CONIACT AREA 4W)§. SQ. INI.
0 p ArF3 .................. DATE .'18 1 SCRIAL NR . ........ 7

Fiqure C-9. Tire Contact Prints (Footprints)
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AFWAL-TR-80-3055

TEST TIRE FOOTPRINT: TIRE SIZE ... MFR '
NEW.......USED ..........RETREAD BY ....... .:I.......................
S. 0. NO ...... 7.7-.2.1..........CODE NO............ FLPL . .FLWHt ...
SKID DEPTH .................... IN. MAX. FOOTPRINT LGTH. . :2 .IN.

RTED INFLATION . .... 5....... PSI MAX. FOOTPRINT WOTH......IN.
0..% RATED LOAD . .399*....... LBS. NET CONTACT AREA . 25: SO. IN.

SDEFLECTION O RSS CONTACT AREA j044 SQ. IN4.
OPERATOR .................. DATE 212 78 SERIAL NR..... .........

Figure C-10. Tire Contact Prints (Footprints)
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Af WAL - TRM 80 nf

- -. USH) ... . . . RETRLAiD BY ..

S. 0. N . ... ..... COOL NO. . . . 1 4 . FEpI L FLWHL
SK 11 WI 'ffl ........... IN. MAX. FOOTPRINT IGTH. .. 2..IN.
RAT U) I~fLATION ...1 %....... Psij MAX. FOOTPRINT WDTH. -.6..37. . 1 N.

t'' .1 RATEID LOAD) !M5 ..... LBS. NET CONTACT AREA . .. 35.7 SQ. IN.
2. 01tILCTION GROSS CONTACT AREA .4Q. n7 SQ. I N.

OPRATRo ...................DATE i/ I/ 78 SERIAL NP). PPIi .

Figure C-11. Tire Contact Prints (Footprints)
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AFRWAL -TR-8)- 3055

FlSrT [I R i COTPR INT: TIRE SHE 7:L- .. ......... MFR Z/edrcti
NLW .. US ED..........RETREAD BY................................
S . 0. NO . ......... CODE NO............FP I ' HE F LWH[ ...
SKID W.L1iH ..... IN. MAX. FOOTPRINT LGTH. I N~Y. I.

60TED IlTiON 1 .... PSI MAX. FOOTPRINT WDTH. IN.
* %RATLD LOAD ~........LBS. NET CONTACT AREA ..:2 So IN.

.... DEFLECTION RQSS CONTACT AREA SQ. I.
OPE RA TOR .................. DATE 3 1 7~ SERIAL NR. . .',2B ........

I---

Figure C-12. Tire Contact Prints (Footprints)
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M ,,' . . .:'. . .;.! b . .. . . . R ; ,D *b ;'? . . . . ::/, . . .. . . . . . . . . . . . . .. . . ..
. N .. ......... C L O . . ....... V I .i . .

i NDL1 1. . . . 7. .. . . O .. .l ..
[1 I, 1 r O . . . . . .. .. .. . IX. F(I I NPI[N T I" H. '.' . .

RATLO LOAD .... ,!. . . .. . LEI,. Nf I CONr/\C. AR[ A . '

DLF[_L.CTI0N 'III3SS CON IACT fLA SQ.

F Lurv -I . Tirf, (.ont.act, Print,, mi tprlntt

9q



AF14AL-TR-80-3055

TEST TIRE FOOTPRINT: TIRE SIZE..............MFR . 1'P2.
NEW.......USED ..........RETREAD By . ..

S. 0. NO. ...7.............CODE NO...... .*FLPL .. FLWHL.
SKID DEPTH .................... IN. MAX. FOOTPRINT LGTH .156 IN.
RATED INFLATION ... 3.....PSI MAX. FOOTPRINT WOTH. IN.
60 RTDLA........?.....LBS. NET CONTACT AREA . :9 So IN.

DEFLECTION 3/ ROS/ CNATREA . SQ. IN.
OPERATOR .................. DATE3//i SERIAL NR. . .OACI .......

Figure C-14. Tire Contact Prints (Footprints)
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AFWAL-TR-80-3055

TESr TIRE FOOTPRINT: TIRE SIZE ***9~.............MFR ,r9
NEW~ *- W 2)~ f ........ RETREAD By .J 1~A..............................
S. 0. NO.......... CODE NO. 19 FLPL .2 ... FLWHL ..
SKID DEPTH ....... IN. MAX. FOOTPRINT LGTH. . 7,906. . IN.

4 DINFLATION 2.. ..... ..PSI MAX. FOOTPRINT WDTH. 616 IN.
SRATED LOD.. .6"*LBS. NET CONTACT AREA 36:1 9 .  SQ. IN.

....DEFLECTION 7ROSS CONTACT AREA .~:?SQ. IN.
OPERATOR ...................DATE 3// SERIAL NR... B.0 .7 8 .C.4...

Figure C-15. Tire Contact Prints (Footprints)
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AFWAL-TR-80-3055

T[Sl TIRE FOOTPRINT: TIRE SIZE .7.)-8 . .dron
N , ...... USED ......... RETREAD BY .......................
S. 0. NO. 77-2.1 ......... CODE No. 19. FLPL .. FLWHL
SKID DEP H .................... IN. MAX. FOOTPRINT LGTH. . I .
RATED INFLATION ... '.5....... PSI MAX. FOOTPRINT WDTH.. . IN.

j.% RATED [OAD ....... .... LBS. NET CONTACT AREA ... 4..Ql. SO IN.
....... DFLECTI ON GROSS CONTACT AREA .ZP£.,22. SQ. IN.

OPERATOR .................. DATE 3/9/79 SERIAL NR. . OMQZ ..........

Figure C-16. Tire Contact Prints (Footprints)
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0. NO. .. ~~......... N. ...... 1P

1 0 ULN h ... .. .. .. .. I N. fIX O PR N , Jh , 1 t

AIL .1-CATION ... ... . 'I MA X, tICI NI R I
!\TILD LOAD LC UNf CON TAC T ARI A I Y. .

.-. ~.U. [ET 10 ON GRM CON TACT AlAA:* Q
.... .. . ... ... . .........1- I/I N

iquuro C-17. Tirfe Contact Prints (Footprint0



AFWAL-TR-80-3055

TEST T4RE FOOTPRINT: TIRE SIZE ... . ..7.00-8 MFP
NEW .......U 4p2 n1. .. ... .. RETREAD BY N/................
S. 0. NO ................... CODE NO ............ FLPL ... . . FLWHL.
SKID DEPTH.................... IN. MAX. FOOTPRINT LGTH. .

RA, I INFLATION 1.. .... PSI MAX. FOOTPRINT WDTH. .~U..IN.
RATED LOAD ... .9..... LBS. NET CONTACT AREA . 23?8 Sr).I.

.DEFLECTION GROSS CONTACT AREA 26 SQ. IN.
OPERATOR..................DATE 3/7/79 SERIAL NR. .. O13 ......

Figure C.-18. Tire Contact Prints (Footprints)
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A F WAL -TR-80- 3 0 '

IllSl I Ji FOCfI N 121 I kI SII .... . . M( R, KCdrIr
tN L ..... . . . . . . .S .) . ...I .G .1 .

S . 0. Nou COWl NO. ....... .. . . F HIL . ... FLWHL . . .
SKID [DEPTH ..... ..... IN. MIAX.- FOOTPRI NT LGT H. ]i.. N.
RATLI) INFLATION .... 5 ..... I. MA X. 1OOT P RI NT ROH. W .)1 . IN.

RATED LOAU ... .... L BS. NE I CON TAC T AREA % Q.. SC.IN
.2.... D.F L ECI ION GROSS CONTACT AREA 201 SQ. I N.
OPERATOR................... DATL :127111 SERIAL NR. .C81

Fiqure C-19. Tire Contact Prints (Footprints)
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AFWAL -TR-8,0- 3055

r I fkt FOOrpRIN I TIRE SIZE-. .......... P
NEW . . ... USED . ... ....... .......... .. .... .

S,. 0 O.NO . ...... .. CODL NO.. : . FLPL ... . FLW iL
S ) DEP I......... ...... . MAX. O INT L .. . IN.
RAF FL.ATI .ON .......... . PSI MAX. FOOTPRINT WDTD. . .,..l. . IN.

' RATED LOAD ..... S. N3.9 .O. H NLA A AREA ..",. . IN.
T'>DE. FLECTIOH NO , ALT ARFA . v I IN.

(P RAFOR .................. DATE :' 7/7 S RI AL N . ..S.. ............

7 K

Fiqure C-?0. Tire Contact Prints (Footprints)
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AFWAL- -80- T U U

I SI I -tL. i 001PRINi 1,L S /i . . 7 .. ........ . .
NEW .. x... USED ......... RLTRLAD V : . ............ ..........
S. 0. N) .. *. * .7 -.*17 ....... COOL NO. ...... FLPI . ... . FLWHL .....
SKID L)LPTI ....... ..... . IN. MAX fOOTPRINT LGTH. 7 . [..
RATED IOFLA [ION .I2.............PSI MAX. FOOTPRINT WDTH.

% . m .L.OA. LBS. NIEt CONTACT AREA ... ". . SO. ,!.
. E L OEFLECTION GROSS CONTACT AREA Q. I N.

OPERAI 0 .................. DATL 1 / 'B SERIAL Nk . ..... .......

/..i l I I 1N..

/"Il 11 // ' I1 I I 9'

IiiiI II
II i i tl I)
Ij I

t l I

Fie C-1 ieCnatPrns(otrns

I (I il2 I07
I11 1

\ iI Ii I7

Figure C-2I. Tire Contact Prints (Footprints)
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AFWAL-TR-80-3055

7 .00- 8 R Z d o
TEST TIRE FOOTPRINT: TIRE SIZE ................. MF .....
NEW .. ... USED ......... RETREAD BY . A ........................ ..
S. 0. NO. ....77-21 ......... CODE NO. FLPL ... . .
SKID DEPTH .................... IN. MAX. FOOTPRINT LGTH .......... IN.
RATED INFLATION ... 125 ......... PSI MAX. FOOTPRINT WDTH. . IN.
.b.0. % RATED LOAD ...3990 ...... LBS. NET CONTACT AREA ... 23.Q SQ. IN.

.1.3..71. DEFLECTION GROSS CONTACT AREA q2-AZ SQ. IN.
OPERATOR .................. DATE 11/9/78 SERIAL NR...U43 ..........

I V.

/ l i IIt \1 / tl I II
I ,I (I Ii(

\IIT )] I /

\ .I I t t I .
N, ii x '

Figure C-22. Tire Contact Prints (Footprints)
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AFWAL-TR-80-3055

TESI iRL FOOTPRINT: TIRE SILE ... 7...00-8 ........ MFR 44P

S.W 0.P NO1.........RETREAD bi ...............................
S.0 N ...... ... CODE NO. . .9 9....... FLPL .. ~ FLWHL.

SKID DLPTH .......f -IN. MAX. FOOTPRINT LGTH. .7.5 .IN,

R JLD INFLATION ........ PSI MAX. FOOTPRINT WDTH. .@ m.IN.
I1( UU RATFD LOAD....6650.: LBS. NET CONTACT AREA ..5P.SO. IN.

.~~DEFLECTION 112I&SS CONTACT AREA ?. SQ IN
OPRTOR .................. DATE SERIAL NR ..... ....

Figure C-23. Tire Contact Prints (Footprints)
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Af .,A[ - )I -, )

I I~,' fO' TIRE SILL 7.(J-8 . Zedrojni , [ 0 .1 I M RIN : IR S ZE .... I....... M. ........

, .: . [ . .. RETREAD BY . ..... Vs (: ' , - : . . " ' " 1<l . .. .. t- *' ,": . .... . . .... .....
.. . .... .. . COI . . I L . .. FW L ....

S................. . lr . MAX. FOOT-RINI LGJH. .5 . . . IN.
' i ATi .. 125 ........ PSI MAX. FOOTPRINT WOTH. I . .

P .. ' A 9 9 ....... . Lb.->. MET CON TACT AREA V). IN.
,.. I rROSS CONTACT ARA 2".. SQ. IN.

31217.UPJ SERIAL NR. .....OI _,[':< ................ DATE 3/ 1 9 S R A R .n k.4. . .....

Fiture C-24. Tire Contact Prints (Footprints)
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AFWAL-TR-80-3055

TEST TIRL FOOTPRINT: TIRE SI/f . ...... II...........f .RZd ron
NEW4 . . >.. . USED RETREAD BY -. .4- *- - -..

S. 0. NO.............. CODEL NO ............ FLPL ... F
SKID DEPTH ................. IN. MAX. FOOTPRINT LGTH .......... In).
RATED I NFLATI ON ............... P'SI MAX. FOOl PRI NI W)TH. 0.061 l
100 OADRATED LOAD ....... LBS. NET CONTACT ARIA .. O. IN

.DEFLECTION Y9 %S CONTACT A SQ. IN.
OPERATOR .................. DATE /S ERIAL NR ........ ..........

Figure C-25. Tire Contact Prints (Footprints)
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AFWAL-TR-80-3055

TEST TIRE FOOTPRINT: TIRE SIZE 7.00-8 MFR.......~E~ > USED L RETREAD BY....
.X ..... 77S2D Y.... ....... 4 ................. g ..............S. 0. NO . ................. CODE NO ............ FLPL ..... LW .

SKID DEPTH .................... IN. MAX. FOOTPRINT LGTH .. .. IN.
RATED INFLATION ...... 25 ...... PSI MAX. FOOTPRINT WDTH.. IN.
..bO % RATED LOAD ... 9...... LBS. NET CONTACT AREA 20.67 SO. IN.
OERATO DEFLECTION DOSS CONTACT ARASQI3/l/E B08,1,SQ.IN.
OPERATOR .................. DATE SERIAL NR . ....... ..........

\,/

Figure C-26. Tire Contact Prints (Footprints)
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At A - - {- th

I['[ P4 F0O{PRINT: TIRE SILE 7.00-8 CAST .. FR
Niw ...... USED ......... RETREAD BY .........................
. 0. NO ...... 7.7.2 I........ CODE NO.... ..... FLPL .X... FLWHL.

SKI ULPTH .................... IN. MAX. FOOTPRINT LGTH.. ,I7Z.. IN.

4 R TED L INFLATION ...... 1.5 ... . PSI MAX. FOO[PRINT WDTH. .. . IN.

RATED LOAD ............. LBS. NET CONTACT AREA ..... SQ. IN.
DEFLECTION GROSS CONTACT AREA .3i 0 SQ. IN.

OPERATOR .................. DATE !i/15/78 SERIAL NR... B098M2

/ \I - I %

. I .. .....

/ II I
/ j I***\

/ i II
I1 I (I

/ 'l I ii jI

\ I ii 11 I

213

i ~I ]
j I I I 1i)

\ii ii II]

I )I ii , /
\ jI ii 1/

I". II
II j."

IH Il

Figure C-27. Tire Contact Prints (Footprints)
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,,:. .... .. ........................
S,. 7 1U ... ........ J ,....... ...............

S . O . ,d . . ............ (CiOiD ) . . .. . . i 'L . . . t J . .
)L I H~' t .. ........ .......... l , I A . [ O 'f I l ' i . . .. 7 t .

P; ) I ,% [i ON ... . ... .. F. ...'RI. W i H . .

Rf • DL O I ..[ .. N . I N r A .... .
..... . . CO TACT AR A . P...

L r, f .. 2."..., ....bFLL~IION / j d.iSS C(NIlACI APLA .2)"< 7I, I"

O ! ; , R A .. '.I J . .. ....... ..

INN

--- I/ /

- It It  I..

/ I i l /

Ii I I iI Ii

?141

i i ii II (I/ i
\ I II ( j

\. ~i I II i
\1/ Ilj

N jI I.

Fiqure C-2?U. Tire Contact Prints (Footprints)
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AFWAL-TR--8O-3055

TEST TIRE FOJTFPRIS,'T: TIRE SIZE AST. A. NF ..lr . .

NElw . ( SED ......... RETREAD BY .......... 77 ....... ...............
S. 0. NO. ..... ........ CODE NO..2 I LPL .. FLWL .SKID DEPTH .................... IN. MNX FO T R]J L r . ,.7 . [ .

5KVDETH. N. MAX. FOOTPRINT LG[H .
RATED INFLATION ........ PSI MAX. FOOTPRINT WDTH. ..25

o o, RATED LOAD 6650 .... LBS. NET CONTACT AREA .. 33.5 SO. IN.
* ...... "19'. 4 DEFLECTION GROSS CONTACT AREA . .37... Sc. IN.
OPERATOR .................. DATE 11/16/7 SERIAL NR. .........

,1 II Il I "

? 1

SI I) Ii
i' I !1I

I )l
I I

\ I. II I I
\ II i Jl /

Fiqure L-29. Tire Contact Prints (Footprints)

?l5



AFWAL-TR-80-3055

7.00-8 CAST Zedron
TEST T4RE FOOTPRINT: TIRE SIZE MFR..0..CAS
'EW ...... USED .. . RETREAD BY .... NA.............................. f- ' 2i "* C DE52 .. .. ...... .. . .. .. .
S. 0. NO .................. CODE NO. ......... FLPL ..... FLWHL .....
SKID DEPTH ................ IN. MAX. FOOTPRINT LGTH. . : . IN.
RATED INFLATION ............. PSI MAX. FOOTPRINT WDTH 5.6.. IN.

RATED LOAD ..3.99.0 ........ LBS. NET CONTACT AREA .. *.4*SO. IN.
.DEFLECTION 1/6 SS CONTACT AREA SQ. IN.

OPERATO . .................. DATE SERIAL NR . ... ...........

/ I I " ".
/ " 1 i I Il \

/ I I! I

i i i i n t
I ji I'

S I I) II II I

\ ' l /
\ 1 1/ 11 ii )

\ \ /

\ I /I Il I.

Firjure C-30. Tire Contact Prints (Footprints)
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AFWAL-TR-8O-3055

TEST TIRE FOOTPRINT: TIRE SIZE .. .. P:§. T .... MFR $dIQ.
NLW .. >... USEO ......... RETREAD BY / .............................
S. 0. NO ...... 77 ....... CODE NO. ..... 5. .... FLP X FLWHL ....
SKID DLPFH ................... IN. MAX. FOOTPRINT LGTH. ... IN.
R D INFLATION ........ PSI MAX. FOOTPRINT WDTH. . IN.
0*4 RATED LOAD .. ....... LBS. NET CONTACT AREA ... SO. IN.

.... DEFLECTION GP SS CONTACT AREA SO. IN.
OPERATOR .................. DATE I/'37 SERIAL NR. B.09.8.0.2 ........

-' I '.

-11 7
/ / /i I)

/ /it I/
/ 1 i II 1 i

/II I Ii
SI 11 J I

' cI ' rI

, ~II I

Fiqure C-31. Tire Contact Prints (Footprints)
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-AF WAL - TR-,0 -3055

R{ L IIRE FO , I : T!,L SI1 ......... ..... CAsT MFR . ..
S. . . USED ......... RLTPEAJ Y .... NILA ...........................

...... 7.7 I ....... CO NO. .......... FLPL . . .. FLWHL .....
S Di L, L'ML .................... I N. NAX. FOOTPRI NT LGTH ... , . I N .
, ATE) 'NFLAFION ... .. . . . . . . PSI M-IAX. FOOTPRINT WDTH... IN.

BATED LOAD ....... . .... LBS. NET CONTACT AREA ... ,417. SO. I N.
F' DEFLEIO% GROSS CONTACT AREA .:14,.. SQ. I .

OPERATW ..... ............ DATE 1/ 1 3/ 78 SERIAL NR . ( ......

-,

11i iI H '

II
I I iII

( 'I I II 1)l/'

J. .I /

f fqure C-32. Tire Contact Prints (Footprints)
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AFWAL-TR-8O-3055

TEST TIRE FOOTPRINT: TIRE SIZE ..........8........... MFR ?-P 9r9!..
NEW USED ......... RETREAD BY ......... /A ....................
S. 0. No. 7.7-.21 ............ CODE No . ..... FLPL .... FLWHL.
SKID DL fl ....... I .5 ........... IN. MAX. FOOTPRINT LGTH. .:0. . I N.
RADNFLAVON ...... ".. .. PSI MAX. FOOTPRINT WDTH. . IN.

RATED LOAD ............. LBS. NET CONTACT AREA 7.57S. IN.
* .... DEFLECTION GROSS CONTACT AREA .... '? 6 SQ. It!.
OPERATOR .................. DATEI 1 / 1 4 7 8  SERIAL NR. 509..,2 .........

900-

// /1 jl Ii

Ij jI I
I!iI II l
I [Ii Ii ji I

IiIII) II
(l II Ii

II 1 I 1
I\II II

Figure C-34. Tire Contact Prints (Footprints)
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A F W A L - TR -; O - 3 0 5 57

TEST fiRL FOOtPRINT: TIRE SI/L . 00- CA' T M R Z. r.. . .

m w ... '<.. USED ......... RE u i) e ... ... ... .....................S. O. NO. . !7 -_2.1 .......... CO{J[ r,,U. . .(. ...... f LPL . . . FIWHIL .....
SKID D EPTH ........... . .F. IN. MAX. FOOTPRINT 1GIH. ..... IN.
RATED INELATION . ......... S I MAX. FOO[PRINI WD H. . . . IN.
104('. % RAI I) LOAD ..... . .... LbS. NLT CONIACT AREA 660 . SQ. IrI.
1 7. .. DEFLLTION GROSS CONTACT AREA 7"r SQ. IN.
OPERA OR .................. DATE I /I/78 SER IAL NR. . Br )o l

i re 3 T ir C t
/ II i

( II It
SI I I

!II [I i1(
I I/I

SI [I) I/
I IIItI I

I l[ )// ]
\ IIl ii I/

t II 11 )

Fiqure C-35. Tire Contact Prints (Footprints)
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A F WAL - TR-80 -3055

T[ST I[FPJL FOOTPRINT: TIRE Sl/. '? CAST . .. :., ' /A*** ,1 . . . . F
.USE ) ......... RLTRLAD BY ......... .............. ........S .0 . .. .. ..-2 1.. ..

S. 0. NO . 7,-. CODE NO. ..... FLPL .. LWHL
SKID DEPTH .................... IN. MAX. FOOTPRINT LGTH. . 7 . I.
RATED INFLATION ..... .5 ....... PSI MAX, FOOTPRINT WDTH. iN.

* ri cRATED LOAD ....... LBS NET CONTACT AREA . SO. IN.
.I\.7. DEFLECTI ON GROSS CONTAGI ARLA -.2' - S. Tr.
OPLr ATOR .................. DATE 11/8/78 KIAL N. R.98 . ...........

II "-

~222

\ .' )j IIj
\I I j /

\ 1Ij 'I 'I /
V

Figure C-36. Tire Contact Prints (Footprints)
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l", l 1i 0 dl F R,[: N rI F. .
7
.!h:' . .. F .. ftk ;v A N O ]..
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AFWAL-TR-80-3055

TIR FOTPRNT TIE SZE 7.00-8 CAST

L'-." TIRE FOOTPRINT: TIRE SIE ..... ....... .. .... MFR

NE W.. .... USED ......... RETREAD BY .... /A...............
S. 0. NO ....7.7_......... CODE NO . . ...... FLPL ... .. FLWHL
SKID DEPTH .................... IN. MAX. FOOTPRINT LGTH. ..6:8 . IN.
RAJED INFLATION 12.5. ........... PSI MAX. FOOTPRINT WDTH. ....... IN.
. * e RATED LOAD ............. LBS NET CONTACT AREA .. Q.?:.9 so. IN.

DEFLECTION 9GOSS CONTACT AREA *.426 SQ. Im.
OPERATOR .................. DATE SERIAL NR . .................

-. 0-

.-. "I Ii" I
g-o I/ I

/ II I j -

( II ,[ I I i
I \ Ii

It I l I I II
'IIIIf I II I

i I
\ IIiI II I
\ I! , 1

\I\IJ /
koo

Figure C-38. Tire Contact Prints (Footprints)
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AFWAL-TR-80-3055

iE.)[ iIRE FOOTPRINT: TIRE SIZE . 7.0o-. MFR ?e9o.
NEW ... . USED . .. RETREAD bY . .... .. .. .. . .. .. ...

S. 0. NO. ....... 77-.2.1 ...... CODE NO .... 78 ..... FLPL . . Y. . FLWHL .....
SKID DEPTW .................... IN. MAX. FOOTPRINT LGTH .D,7 Q. IN.
RATED INFLATION ...... 1.2.5....... PSI MAX. FOOTPRINT WDT . . IN.

. % RATED LOAD . .6.6.o....... LBS. NET CONTACT AREA .. . SQ. I N.
... DEFLECTION GROSS CONTACT AREA ..9.4. SQ. IN.

OPERATOR .................. DATE 2/28/78 SERIAL NR . B098S3 .......

Figure C-39. Tire Contact Prints (Footprints)
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AFWAL-IR-80--3055

ti 1 likiL FOOiPRINI TIRE SIZE ....... .M R 7 8.
NEtW . USED .RE! READ BY . N/A

NLI US [ . ,.......... L R A BY ..... A... ,............ . . . . . .

S. 0. NO. . .. .. ......... . CODE D . .NU . 78 FLI FI ... . FLWHL .....
SKID Di LL .................... 1rN. MAX. FOOTPRINT LGTH. .5 . . IN.k '  5 5.344
PAUD INFLATION ....1 25 ......... PSI MAX. FOOTPRINT WDTH ......... I N.

ATLI) OAD ..... ...... lBS. NET CONTACT AREA ... 6 1Y2 So. IN
-. IL_ ION §ROSS CONTACT AREA 23. SQ. I.

QVERA,"0.)R.................. DATE 2/28/79 SERIAL NR. S .........

/

Fijure C-40. Tire Contact Prints (Footprints)
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AFWAL-TR-80-3055

IST LIRE fOOTPRINT: TIRE SIZE 7 .00-8 MFR . .dron
NEW ...... USED . REIRAD Y .. .........NLIJ x USEDT?_ ........ EA Y..... .............. ," ............

S. 0. NO....... ......... CODE NO ............. FLPE . h
SKID DEPTH .................... IN. MAX. FOOTPRINT LGTH. ..'.....IN.
RATED INFLATION ............... PSI MAX. FOOTPRINT WDTH. .6 IN.

o % RATED LOAD ... o LBS.. NET CONTACT AREA * 30.9 SQ. IN.
• !. DEFLECTION SS CONTACT AREA SQ IN.
OPERATOR .................. DATE 11/1 ,/ SERIAL NR ....... OT2 .......

r. 0
/ II Ir I

/ 1 \i
/ I 111 I

' 1 IjI )I
SIi II I'1 /

I' I I

SII i I II /
ii jI /

\ ' tII  I1 ,,

Figure C-41. Tire Contact Prints (Footprints)

227



AFWAL - TR-80- 3055

IL [ TIRE ... TPRINT: TIRE SI E .. .. . ................
NEI . US ED) ... RETREAD BY ...USE[) ...... ... RAUY........................

S. 0. NO, . ........... ODE NO .... fLtL ... FLWL .

SK[D ULP1O .................... IN. MAX. FOOTPRINT LGIt. .5 .3.I1.0 . 1ti.
PRATD INFLATION J5 ............ PSI MAX. FOOTPRINT WDTH. .IN.
..(. % RATEO LOAD . 9M ........ LBS. NET CONTACT AREA .S...S . I.

7.DEFLECTION GROSS CONTACT AREA 22%8. SQ. I 1.
OPERATOR .................. DATE 11/17/78 SERIAL NR. ..........

•'0 . ,0000 •

" I \1

.I f 'l"1.

/ I I¢ ii \

/\/

i I I Il
l I ii ii i

\ Ii Il i
\ I I1 1

\\J 1I I I/
'./I 'I I

I, / I

Figure C-42. Tire Contact Prints (Footprints)
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[ESI i k.)11 I~ N[: TIRI ldh ... .. . 21- .. . . [7/ ri
Nt~~~ .US. .MIR~ y I

S . 0. No . . .. . .. . CoDj N( ) .... .. r [L . . F LWIIL
SKID [FT l'H ........... IN. MAX. FO00rPRI NT LGTDl * Vl * .7IN
PATE 1[ 1N1 I AI ION .... LII1, MAX. - 00D1PR IN I wDl) [I..f '

10A0 OD II NIT CONTACT ARIA .t7so ~
DIJf OF tiLl L[10ON GROSS CONT'ALT ARIA ~ Q N.

OLE RATO .......... DAlI 7'' i/7q SFRAL NP. ~ ~~.~

Figure C-43. Tire Contact Prints (Footprints)
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.. . . .....

.t .r .. . . .... W

Figure C-44. Tire ConltdCt Prints (Footprints)

230



. .2 . .l~ . r



A FWAL- TR-80- 3055

1EST TIRE FOOTPRINT: TIRE SIZL .?:!)0_ 8  .......... . MFP d.Or.on

tL' . ... US[E ......... PL RLAD BY .... . .. I.A . ..... .......
S. O. .. 7.7 ........ CODE NO . ........... FLPL ... i. FLW IL .....

KI[) Dk i ................. .. IN. MAX. FOOIPRINT LGTTE. H .. . IN.
R TED INFI AlION .... . ........ PSI MAX. FOOTPRINT WDTH. 5 .. ... I;.

.. RATED LOAD . .3......... LBS. NET CONTACT AREA 2.2. so. I .
.. '.. DtFLECTI ONI . SS CONTACT AREA .- ,,, 5Q. IN.

OPERA P .................. DATE SERIAL N .................

N

Figure C-46. Tire Contact Prints (Footprints)
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L IIRT f } IPRIN : Iki /f ........ . . , "

Pt i k i i ... . .. "/!\ . . . . . . . . . . . . . . . . . . . . . . . .
{,;. O . h . -.C.}. . N." ... ... .. .. I . ....

SNI I H . . .................. IN. MAX. FO{l'PRilN[ t ... . : .

' NI ILAT ION . "' ) . . P I MAX. F I I ; I . t. . i) 1 t;.
RAl[ D I O.l . . [BK. KF T f i p S_.
I. F tFIUN.....A . .... .L L ,

.L.. . . . . . . D0 u1 Al .. ..

F i ure r -I . Tire Conta.t Prints tF,otprints)
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AFWAL-TR-8O-3055

TEST I RL fOOTPRINT: TIRE SI/ ....7: - ............. .IP . .
W . US . R RL J Y . ...... .......................

s. NO . ..... 77-21 .... CODE NO. ....?' ...... FL PL .. . FLWHL .

SKI) ULFII .................... IN. MAX. FOOTPRI NT LGTH . ......... I N
RATLD INH ATION . 125 PSI MAX. FOOEPRINI WOiTH. .

'ATED FO1 ....... LBS . NET CONTACT AREA 7"+ SO.
.O1) ............. , .

" FFLECTION .GROSS CON[ACE AEA . 7;! SQ. I.

OPERATOR ... .............. DATE SERIAL NP.

Figure C-48. Tire Contact. Prints (Footprints)
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1-' 1) 1 . .. . . L . C I flC AP,[A .
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1 Iqure C -49. Tire Con tt, P.Frints (FRootpri nts)



AFWAL-TR-80-3055

KLT TIRE FOOTPRINJT: TIRE SIZE7 ........... MFR 40q8.
.. . USED ......... RETREAD BY . ....................

S. 0. NO. .77.-2.1 ............ COD NO. F PL .... FLW H[ .....
..... D DEPTH .................... I N. MAX. FOO[PRI til EIGlH. .. . . I N.
RAELD I NF[ATION 125.... PSJ MAX. FOOTPRINt WDTH... :990... IN.

"I, RATED LOAD ............ LF;'. NET CONTACT AREA ... 2 Sq. I N.
D[JLECTION GROSS CONTACT AREA IN

OPERATO,.................. DATE 3/2I/7) SERIAL NR......... ..

Fiqure C-50. Tire Contact Prints (Footprints)
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AFWAL-TR-80-3055

7.00-8 ZedronTEST TIRE FOOTPRINT: TIRE SHE ............ MFR ...... ...
NEW ..N... USED ......... RETREAD BY .........................
S. 0. NO . ....... I ...... CODE NO. . 10.0 ...... FLPL  ... \ FLW HL ... . .

SKID DEPTH .................... IN. MAX. FOOTPRINT LGTH. N7..
RATED INFLATION .. 25 . PSI MAX. FOOTPRINT WDTH. .:?297,. N
.1o. % RATED LOAD......... LBS. NET CONTACT AREA ... .. SQ. IN.

.2 DEFLECTION GROSS CONTACT AREA .. 8:5 SQ IN.
OPERATOR ................. DATE 3/22/79 SERIAL NR .................

Figure C-51. Tire Contact Prints (Footprints)
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AFWAL-TR-80-3055

TEST I IRE FOOTPRINT: TIRE SIZE .... 7. .. ........... F. R zc2d.])I.

NEW, . USED ......... RLTREAD BY...............................
S. 0. NO........ CODE NO... .T ..... FLPL ... FLWLIL.
SKID DEPTH .................... IN. MAX. FOOTPRINT ITH. 5.90
RATED INFLATION .... 1.2.5 ........ PS I NAX. FOPTPP I f W IH . I.
6 % RATED LOAD 39. LIDS NET 3.90 .RA L. N.T',." SO. 
. DEFLECTION GRF&S( 5! ,"i .[A '7

OPERATOR...................DATE /? F:iL NR............'

Figure C-52. Tire Contact Prints (Footprints)
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it ,o!, .: i W Rl! IN I: ll"I, <M ii~ .......... of. I", . . . . f1 <f "

S. H ......... ................ . N 4) . .... ".1........ CI ~ O-) ; ...... ..... l P .. t .J . ..
$i'll) {d l~q .............. ">.... I fNO . . I I, t i) t... C~ l " 7: I I ;

[)i I l .. ... ... .. ... ... . I f (; o [ I I i'f[ . : "
., I .[ ............ 6 . I . I l ! 0') 1 P.l N I,

PA il i .... ...... .f .II Iil N1.I CON TAL I Apt A So .
. .. 0. iF LC 10, /1[,JOSS CONTACT A, LAON f A O .t .ll, .. .. .. .. .. .. .. . )AT Ef Np.. .I .. -...... .. . .

LiL

Fiqure C-13. Tire Contact Print, ,
Ilootprin )



AFWAL-TR-80-3055

S7.00-8 7ed ron

TEST TIRE FOOTPRINT: TIRE SIZE ........ . .... MFR ........
NLEW . USED ..... . RETREAD BY ....

S. 0. NO . ................. CODE NO . ..... ,..... FLPL . .... FLWHL .....
SKID DEPTH .................... IN. MAX. FOOTPRINT LGTH. .6.5o... IN.
RATED INFLATION ....... 125 ..... PSI MAX. FOOTPRINT WDTH.. 5  .. IN'.

, RATED LOAD ..... . ..... LBS. NET CONTACT AREA .... 6 .SC .

...... ..... DEFLECTI.ON _ SS COkTACT AREA . . IN.
OPERATOR.................. DATE 3/ 9 SERIAL NR . .... ; ..... .......

Figure C-54. Tire Contact Prints (Footprints)
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Y 0 f PRI RI INI FIRE S I/f 7.. .0-8MFP .. r. .

U. . . . . . . . . . . . . . . . . . . . . . .
. .......... 7.7-.2.1.. CODL NOU..... *0 .... FLPL ... . FLWHL .....

rLii Y .................... IN. MAX. FOOTPRINT LGT H. .. ... NII.
N ..... .......... PSI MAX. FOOTPRINT WDTH. I N.

.... i LUAU) .... ....... LBS NET CONTACT ARLA . ,.9 S . IN.
! Q [i.! jIO' GROSS CONTACT AREA .9l SQ IN.

. DATE 1/19/79 SERIAL NP I )9/A3

r IF

Fiqure C-56. Tire Contact Prints (Footprints)
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AF WA I -TR-80- 3055

[f b rI I , f0 INT R S Z 7.00-8.......

S O IRI " TIRE ) ......... ...... FR . . .:... . .SW[ ;... USLD) RB TREAD BY . /. .

S O. ..... .7 1:A ...... CODE No . !Q. ... FLPL ... . FLWHL .....
SK i UL P r' .................... IN. M,"X. FOOTPRIHI LGTH. I.7* ... ir.
R\i LD IJ;FLATION ......... . 5... pSI MIA\X. FOOTPRINT WDTH. ..125 IN.

.RAIL) WOAD ... ..... ... LBS. NET CONTACT AREA ... 27.3.. So. IN.
1.7., 1FLLIO GROSS CONTACT AREA .-.0.,54 SQ. IN.

.................. DATE 3/20/79 SERIAL NR . ..... D29BB3

Fiqure C-58. Tire Contact Prints (Footprints)
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AFWAL- TR-80-3055

ST TIRE FOOTPRINT: TIRE SIZE .. , 00 8 ... ......... MFR .
,i *J .. . USED ......... RETREAD BY .......... ; ..................... ..

0. O. ........ .? ..... CO NO . 5. LPL .... . FL.iHL.
,),,JD DEPTH .................... IN. lAX. FOOTPRINT LGTH. .6.313
RATED INFLATION 1 .5 . ... . . . . . ... PSI IIAX. FOOTPRINT WDTH.. . I'.
* PS. , RAUED LOAD 3990 ......... LBS. NET CONTACT ARFA ... 2, SQ I.

E7... DEFLECTION GROSS CONTACT AREA .. Q,.8i'. SQ. 114.
OPERATOR .................. PATE 3/2n/79 SERIAL NR ...... B029)3 ......

Fiqure C-62. Tire Contact Prints (Footprints)
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AFWAL-TR-80-3055

APPENDIX D

VERTICAL LOAD VS VERTICAL DEFLECTION PLOTS

Notes: For the following plots

1. Inflation Pressures are in PSIG

2. Outside Diameter (OD) in inches

3. Cross Section (CS) in inches

249
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4..ST 7 716i

3

I IlAD P 1
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CA',T TIP[ FVAI UATrflrO

Fl YWHi[F ( 84' DI A

',TANDARDj TPF)

20.451 f) 9s "

M0. 16 /1 . C

2i, 57 1F

30 3

LOAD [kib'.]

I' ' - . f I .



AFWAI - TR-H8- 3U0

CAST TIRE EVALUATION

FLAT PLATE

S/N A077AI

PRESS. OD CS

- 90 20.278 8.228

125 20.394 8.216

160 20.506 8.210

0 12 3 4 5 6 7

LOAD [klbsJ

Fiqujre D-3. Deflection Vs Load



A FWAL - TR~-80- 3( 5

CAST TIRE EVALUATION

FLYWHEEL (84' DIA.)

S/N A077AI

PRESS. 00 Cs

390 20.274 8.297

125 20.392 8.224

160 20.502 8.215

2

I -S

0 1 2 3 4 5 6 7

LOAD [klbsj

Figure D-4. Deflection Vs Load
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CAST TIRE EVALUATION

FLAT PLATE

S/N A028C4

PRESS. O0 Cs

90 20.330 8.320

125 20.500 8.310

160 20.698 8.312

C)C

0 1 2 3 4 5 6 7

LOAD [klbsj

Fiflure 0-7- Deflection Vs Load



CAST TIRE EVALUATION

3--FLYWHEEL (84" DIA.)

S/N A028C4

PR ESS. 00 Cs

90 20.357 8.315

125 20.509 8.311

20-

LOAD [kibs]

Fiqjure D-8. Deflection Vs; Load



'LA Pt AT





C VT R[ fV/lI.JA IN

Ft AT PI AT[F

,/N kl'2114

27 (-,. NC CCII 4

z V'N 6 3 .44 6

60 ?iCA s

10 C

LOAD [klj67

Ficlure 0I-11. Doflection Vs, Load



r,' TIP[ I AI IJAUON

Vi YWHEEI l" D IA.

20

412 3 45 6 7

LOAD [klbs]

Fiqtire 0-12. Deflection V& Load
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A[ WAL - TR-80& -3055

CAST TIRE EVALUATION

FLAT PLATE

5/N 1078C4

PR . ,hD CS

99 21.7q) 8.474

125 ?rj. o,5() P.533

16) 22. 194 H.607

125 SI

16I S

r II I I I I

C 1 2 3 4 5 6 7

LOAD [klbs]

Fiqure D-15. Deflection Vs Load

264



A FWAL -18R -So- 30"'

CAST TIRE EVALUATION

FLYWHEEL (84" WA.)

S/N B078C4

PRESS. OP CS

90 20.803 8.470

125 20.837 8.521

160 20.879 8.593

2090

0 12 3 4 5 6 7

LOAD [kibs]

Figure D-16. Deflection Vs Load
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Al WAt ( P- )y,

CAST TIRE EVALUATION

FLAT PLATE

PRESS. 00 Cs

90 20,740 8.387

125 20,792 8.447

160 20.834 8.525

90 SI

o 125 fPSI

6 

71

LOAD [klbs]

Firiure D-19. Deflection Vs Load
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Af WAt - k-8o- 3o55

CAST TIRE EVALUATION

FLYWHEEL (814" DIA.)

S/N 808814

3 -

PRESS. 00 CS

90 20.756 8.40?

125 20.796 8.461

160 20.8.34 8.534

NOTE:

DATA DISCREPANCY DUE TO
ENGAGEMENT OF \SAFETY T

- 0 PSI

I I
0~~ 

2 
2 45

Fiqure~~~ 0-0 Delcin sLa

2691







10 4 -L

,AST TIRE EVALUATION

FLAT PLATE

S/N BOM8K4

PRESS. 00 CS

So 2n.748 8.263

125 20.84k 8.280

160 20.894 8. 21

90 PSI

2 PSI

<20

t I

, II II 1

1 34 5 67
LOAD [kIbs]

F i qurc -- 3. Deflect. ion V Load

' 7



CAST TIRE EVALIATION

FLYWHF[L ('4" D1A.

Sli P60 24

PRESS. DCC

90) 20.742 .>67

15 20. 36 2.276

160 20. M6 3 1 4

09

/90_$_

o r V , PSI
- - - - r

20y-< ..... .---,

/1-- - -
I-I

I I

LOAD 4
7

p, 4 6
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AFWAL-TR-80-3055

CAST TIRE EVALUATION

FLAT PLATE

S/N B098M2

3-

PRESS. 0D CS

90 20.852 8.399

125 20.910 8.417

160 20.952 8.441

2

9PSI

1- SI

10%

II I I I
0 1 2 3 4 5 6 7

LOAD [klbs]

Figure D-27. Deflection Vs Load

276



AFWAL-TR-80-3055

CAST TIRE EVALUATION

FLYWHEEL (84" DIA.)

S/N BO98M2

3-

PRESS. OD CS

90 20.850 8.395

125 20.924 8.418

160 20.982 8.454

2

0'

00

1-D

0 12 3 4 5 6 7

LOAD [klbs]

Figure 0-28. Deflection Vs Load
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AFWAL-TR-80-3055

CAST TIRE EVALUATION

FLAT PLATE

S/N 8O98N2

3

PRESS. OD CS

90 20.824 8.432

125 20.874 8.464

160 20.912 8.498

2-

.0PSI

PSI
20% PS t

1-j

II I I I i I

0 1 2 3 4 5 6 7

LOAD [klbs]

Figure D-29. Deflection Vs Load
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AFWAL-TR-80-3055

CAST TIRE EVALUATION

FLYWHEEL (84" DIA.)

S/N B098N2

3-
PRESS. 00 Cs

90 20.804 8.411

125 20.864 8.437

160 20.908 8.478

2-

20%

1 -I

CC)

0 1 2 34 5 6 7

LOAD [kibs]

Figure 0-30. Deflection Vs Load
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AFWAL-TR-80-3055

CAST TIRE EVALUATION

FLAT PLATE

S/N B09802

3-

PRESS. 0O CS

90 20.701 8.338

125 20.766 8.366

160 20.812 8.417

2-

Li
9 SI

LU

LOAD [klbs]

Figure D-31. Deflection Vs Load

280
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AFWAL-TR-80-3055

CAST TIRE EVALUATION

FLYWHEEL (84" DIA.)

S/N B09802

3-

PRESS. OD CS

90 20.724 8.361

125 20.778 8.387

160 20.818 8.424

2 -

02

10

0 2 3 4 5 6 7

LOAD [kibs]

Figure 0-32. Deflection Vs Load
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AFWAL - TR-80- 3055

CAST TIRE EVALUATION

FLAT PLATE

S/N B098P2

PRESS. OD CS

90 20.980 8.769

125 21.070 8.q49

160 21.150 9.157

9

1 2 PSI_

10

I I I II

0 2 3 4 5 6 7
LOAD [klbs]

Figure D-33. Deflection Vs Load
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AFWAL-TR-80-3055

CAST TIRE EVALUATION

FLYWHEEL (84" DIA.)

S/N B098P2

PRESS. OD CS

90 20.920 8.649

125 20.988 8.796

160 21.036 8.981

2

1125PSI

30%

20%

U- c

0123 45 6 7

LOAD [klbs]

Figure D-34. Deflection Vs Load
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AFWAL-TR-80-3055

CAST TIRE EVALUATION

FLAT PLATE

S/N B098Q3

PRESS. OD CS

90 20.726 8.261

125 20.787 8.301

160 20.820 8.3295

6-

C>

U-i

Cy,

2 3 4 5 6 7

LOAD [klbs]

Fiqure D-35. Deflection Vs Load
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AFWAL-TR-80-3055

CAST TIRE EVALUATION

FLYWHEEL (84" DIA.)

S/N B098Q3

PRESS. OD CS

90 20.719 8.257

125 20.771 8.275

160 20.812 8.328

2

900

@25 PSI

i -01

234 5 6 7

LOAD [klbs]

Figure D-36. Deflection Vs Load
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AFWAL-TR-,0-3055

CAST TIRE EVALUATION

FLAT PLATE

S/N BOgHR2

PRESS. on CS

90 20.934 '.896

125 21.024 9.013

160 21.104 9.252

19 S

11 1

C)

I I I
1 2 3 4 5 6 7

LOAD Rklbs]

Figure D-37. Deflection Vs Load
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AFIAL - -h30Y

CAST TIRE FVALIJATION

FLYWHEEL (94" DIA.

S/N B09XR;

P-RE-SS . OD CS

3() N0.914 37 9 5

12?5 1] . 0 16 94.3009

160 21.096 9.196

P0SI

2213
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CAST TIRE EVALUATION

FLAT PLATE

S/N B098S3

PRESS. OD CS

90 20.686 8.204

125 20.762 8.200

160 20.812 8.211

PSIr20] ,5 PS I

0Sl

, I I L

1 2 3 4 5 6 7

LOAD [klbs]

Figure D-39. Deflection Vs Load
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CAST TIRE EVALUATION

FLYWHEEL (04" DIA.)

SIN B098S3

PRESS. 00 Cs

90 20.674 8.217

125 20.750 8.210

160 20.806 8.214

00PS

I-

.

0 1 2 3 4 5 6 7

LOAD [klbsJ

Figure D-40. Deflection Vs Load
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AFWA[ - 1k-Ol- 3055

CAST TIRE EVALUATION

FLAT PLATE

S/N 13098T2

P RE-SS. OD CS

90 20.778 8.275

125 20.270 8.283

160 20.874 80.298

-CD

I.-

0 12 3 4 56 7

LOAD [kibs]

Figure 0-41. Deflection Vs Load
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CAST TIRE EVALUATION

FLYWHEEL (84" DIA.)

S/N B098T2

PRESS. 00 CS

90 20.768 8.274

125 20.830 8.280

160 20.874 8.295

IPS

a., U,

Ir toI

12 3 4 5 67

LOAD Rilbs)

Figure 0-42. Deflection Vs Load
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CAST TIRE EVALUATION

FLAT PLATE

S/N 8128UI

PRESS. O CS

90 20.848 8.436

125 20.918 8.486

160 20.970 8.543

2

P-
PSI

II I fII
12 3 45 6 7

LOAD [kl bsJ

Figure 0-43. Deflection Vs Load
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AFWAt - TN-8))-355

CAST TIRE EVALUATION

FLYWHEEL (84' DIA.)

%/N 8128U3

PRESS. OD C-s

90 20.874 A.446

125 20,926 8.494

160 20.967 8.549

PSI

LC)

01234 5 6 7

LOAD [klbs)

Figure D-44. Deflection Vs Load
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CAST TIRE EVALUATION

FLAT PLATE

S/N B128V3

PRESS. 00 CS

90 20.932 8.417

125 20.946 8.460

160 21.046 8.506

90VPSI

I -PSI

20

I-I 10

7

02 34 5 67

LOAD tklbs]

Figure D-45. Deflection Vs Load
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CAST TIRE EVALUATION

FLYWHEEL (84" DIA.)

S/N B128V3

PRESS. 00 CS

90 20.942 8.407

125 20.998 8.453

160 21.068 8.491

2-

I-c

u0

LOAD [klbs]

Figure D-46. Deflection Vs Load
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Ai WA - TN-MU- Ml)i

CAST TIRE EVALUATION

FLAT PLATF

SIN BO29W3

PRESS. Oo CS

')0 ?). 7P, 8.415

125 21).9;68 8. 46R

160 20.912 8.529

125 PSI

10,
CC

2 3 4 5 6 7

LOAD (klbs)

F iqure D-47. Deflection Vs Load
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CAST TIRE EVALUATION

FLYWHEEL (84" DIA.)

S/N B029W3

PRESS. 00 CS

90 20.790 8.432

125 20.838 8.482

160 20.872 8.537

2

U

z10

00

'3 5 6 7

LOAD [klbs]

Figure D-48. Deflection Vs Load
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CAST TIRE EVALUATION

FLAT PLATE

S/N B029X3

P-RES-S. 0D CS

90 20.800 8.459

125 20.860 8.507

160 20.910 8.570

2

CC)

LOAD (kibs)

Figure 0-49. Deflection Vs Load
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CAST TIRE EVALUATION

FLYWHEEL (84" DIA.)

S/N Bo?9X3

P-RES S. O C s

90 20.812 .46 3

12 20.86?' 8.509

160 29.904 X.564

0 12 3 4 5 6 7

LOAD (kibs)

Fiqure D-50. Deflection Vs Load
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~AI -11 - l - 3- P

CAST TIRE EVALUATION

FLAT PLATE

S/N B029Y3

PRESS. 0D Cs

90 20.752 8.357

125 20.820 8.394

160 20.858 8.440

90 P1

1125 PSI

20% I

3 4 56 7

LOAD (kibs)

Figure D-51. Deflection Vs Load

300



CAST TIRE EVALUTION

FLY'WHEEL (84' DTA.)

S/N 8029Y3

3 -

PRESS. 00 CS

90 20.758 M.68

125 20.806 8.399

160 20.844 8.442

~'2-

90 PSI

125PS

PSI

1 00

101j

106 2

LOAD (kibs)

Fiqure D-52. Deflection Vs Load
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CAST TIRE EVALUTION

FLAT PLATE

S/N B029Z3

3-

PRESS. 0D Cs

90 20.812 8.456

125 20.852 8.507

160 20.882 8.572

905 PSI

110

Figure 0-53. Deflection Vs Load
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CAST TIRE EVALUATION

FLYWHEEL (84" DIA.)

S/N B029Z3

3-

PRESS. OD CS

90 20.822 8.468

125 20.858 8.521

160 20.888 8.584

-= 2-

. 9 PSI

1 SI

02

-Jj

1

1 2 3 4 5 6 7

LOAD (klbs)

Figure D-54. Deflection Vs Load
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CAST TIRE EVALUATION

FLAT PLATE

& S/H B029AA3

3-

PRESS. 0D Cs

90 20.808 8.446

125 20.864 8.498

160 20.906 8.555

--

0l 10 23

LOAD (kibs)

Figure 0-55. Deflection Vs Load
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CAST TIRE EVALUATION

FLYWHEEL I(84' DIA.)

S/N 8029AA3

3 -

PRESS. OD CS

90 20.814 8.442

125 20.858 8.492

160 20.900 8.546

2

02

1 -

02 4 5 6 7

LOAD (klbs)

Figure D-56. Deflection Vs Load
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CAST TIRE EVALUATION

FLAT PLATE

S/N B029BB3

3 -

PRESS. OD CS

90 20.830 8.550

125 20.872 8.631

160 20.894 8.739

2-

16 90 SI

02

I--

C.C)

30
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CAST TIRE EVALUATION

FLYWHEEL (84" DIA.)

S/N B029BB3

3-

PRESS. 0D CS

90 20.834 8.579

125 20.860 8.662

160 20.884 8.753

2

-j

1%

0124 5 6 7
LOAD (kibs)

Figure 0-58. Deflection Vs Load
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CAST TIRE EVALUATION

FLAT PLATE

S/N 8029CC3

3--
PRESS. 00 Cs

90 20.750 8.526

125 20.794 8.603

160 20.834 8.705

Uj

02

01

LOAD (klbs)

Figure D-59. Deflection Vs Load
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CAST TIRE EVALUATION

FLYWHEEL (84' DIA.)

S/N 8029CC3

PRESS. 00 Cs

90 20.776 8.564

125 20.816 8.643

160 20.848 8.736

2-

90 1-
990

U-i

LOAD (kibs)

Figure 0-60. Deflection Vs Load
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AFWAL-TR-90-3055

CAST TIRE EVALUATION

FLAT PLATE

S/N B029DD3

3--

PRESS. 00 Cs

90 20.784 8.345

125 20.R42 8.399

160 20.872 8.471

2--

C 2

Li 90PS1

PSI

-j -J

0234 5 6 7

LOAD (kibs)

Figure 0-61. Deflection Vs Load
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CAST TIRE EVALUATION

FLYWHEEL (84" DIA.)

S/N 80290D3

PRESS. 00 CS

90 20.792 8.374

125 20.870 8.427

160 20.910 8.489

9 eI
5125 7

LOADl (kibs)

Figure D-62. Deflection Vs Lod
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